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SUMMARY 
O p e r a t i o n a l t e s t s a r e a s u b a c t i v i t y o f t h e t o t a l 
m a t e r i a l a c q u i s i t i o n d e v e l o p m e n t c y c l e . T h e y c o n t a i n w i t h i n 
t h i s s u b a c t i v i t y a n u m b e r o f a d d i t i o n a l a c t i v i t i e s , s u b t e s t s 
o r s u b p r o g r a m s . E a c h o f t h e s e a c t i v i t i e s o r s u b t e s t s h a s r e 
l a t e d f u n c t i o n a l v a l u e s . T h e s e v a l u e s m a y b e d e t e r m i n i s t i c , 
s t o c h a s t i c , o r s o m e m a t h e m a t i c a l t r a n s f o r m a t i o n o f a v a l u e 
c o m p u t e d i n a n e a r l i e r a c t i v i t y . T h e s e a c t i v i t i e s l e a d t o 
m i l e s t o n e s o r e v e n t s a n d t h e o u t c o m e o f t h e o p e r a t i o n a l t e s t 
c a n b e r e p r e s e n t e d b y a s e t o f s u c c e s s f u l a n d a s e t o f u n ­
s u c c e s s f u l e v e n t s . T h i s s e t o f c o n d i t i o n s d e s c r i b e s a 
s t o c h a s t i c n e t w o r k . O f t h e n e t w o r k a n a l y s i s t o o l s , n e t w o r k 
s i m u l a t i o n a f f o r d s t h e g r e a t e s t v e r s a t i l i t y a n d f l e x i b i l i t y 
i n m o d e l i n g t h i s s e t o f c o n d i t i o n s . O f t h e f a m i l y o f n e t ­
w o r k s i m u l a t i o n p r o g r a m s t w o p r o g r a m s h a v e e v o l v e d a s u s e f u l 
a n a l y s i s t o o l s t o a s s e s s r i s k , S O L V N E T a n d V E R T . 
V E R T ' s e x t e n s i v e o u t p u t , r e d i m e n s i o n i n g c a p a b i l i t y , 
f l e x i b l e n o d e l o g i c , e x t e n s i v e n u m b e r o f p r o b a b i l i t y d i s t r i ­
b u t i o n s , a n d m a t h e m a t i c a l t r a n s f o r m a t i o n s a n d s i m u l t a n e o u s 
a c c u m u l a t i o n o f t h e t h r e e p r i n c i p a l d i m e n s i o n s o f t i m e , c o s t 
a n d p e r f o r m a n c e i n t o t h e " f o u r t h d i m e n s i o n " r i s k m a k e i t t h e 
b e s t c h o i c e f o r m o d e l i n g e x t e n s i v e p r o b l e m s i n a d e c i s i o n 
e n v i r o n m e n t . S O L V N E T i s b e t t e r s u i t e d t o p r o b l e m s i n t h e 
t i m e / c o s t p l a n e w h i c h a r e c h a r a c t e r i z e d b y e x t e n s i v e 
V I 
d e p e n d e n c y i n t e r a c t i o n s . 
T h e e x t e n s i o n o f t h i s c o n c e p t t o t h e c o n d u c t o f r i s k 
a n a l y s i s i n t h e d e s i g n a n d c o n d u c t o f a n o p e r a t i o n a l t e s t . 
b o t h f e a s i b l e a n d p r a c t i c a l . A n e t w o r k a n a l y s i s t o o l s u c h 
a s VERT " r e m o v e s t h e i n d u c t i v e h e a d a c h e s f r o m m o d e l i n g com' 
p o n e n t i n t e r a c t i o n . T h e s e o p e r a n d s e n a b l e t h e u s e r t o e x ­
p l o r e c o n d i t i o n a l n o n l i n e a r m u l t i v a r i a t e s i t u a t i o n s w h i c h 
d e f y r e a d y m a t h e m a t i c a l a n a l y s i s " [ 3 4 ] . T e s t p l a n s a n d d e 
s i g n s f a l l n e a t l y i n l i n e w i t h l i t t l e m a n i p u l a t i o n o f t h e s < 
o p e r a n d s i n b u i l d i n g a m o d e l t o a s s e s s t e s t d e s i g n r i s k . 
T h e u s e o f a f o r m a l i z e d t o o l t o a s s e s s r i s k w o u l d g e n e r a t e 
i n t e r e s t among t h e t e s t d e s i g n e r s a n d e v a l u a t o r s i n a n a l y z ­
i n g d a t a i n p u t s . D u r i n g t h e c o u r s e o f t h e a n a l y s i s : 
1. P o t e n t i a l p r o b l e m s c a n b e i d e n t i f i e d . 
2 . T h e r i s k c o n s e q u e n c e s o f a s u b t e s t f a i l u r e c a n b e 
a s s e s s e d . 
3 . Low i m p a c t t e s t s c a n b e i d e n t i f i e d . 
4 . H i g h i m p a c t t e s t s c a n b e i d e n t i f i e d . 
5 . T h e s u f f i c i e n c y o f t e s t p r o j e c t i o n s f o r t i m e , c o s t , 
a n d a s s o c i a t e d p e r f o r m a n c e a l l o c a t i o n s c a n b e d e t e r ­
m i n e d . 
I n s u m m a r y , t h e o b j e c t i v e o f a r i s k a n a l y s i s s t u d y 
i n o p e r a t i o n a l t e s t i n g i s t o c r e a t e a m o d e l o f t h e o p e r a ­
t i o n a l t e s t a n d e x e r c i s e t h e m o d e l w i t h r e a l i s t i c i n p u t s . 
T h e r e s u l t s o f t h i s a n a l y s i s p r o v i d e t h e o p e r a t i o n a l t e s t 
d e c i s i o n - m a k e r w i t h a b a s i s t o c o m p a r e c o m p e t i n g t e s t 
a l t e r n a t i v e s . 
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CHAPTER I 
I N T R O D U C T I O N 
R i s k A n a l y s i s B a c k g r o u n d 
A l t h o u g h t h e t e r m i n o l o g y a n d t h e t e c h n i q u e s f o r r i s k 
a n a l y s i s a r e n o t n e w , t h e i n t e r e s t o f f o r m e r D e p u t y S e c r e ­
t a r y o f D e f e n s e D a v i d P a c k a r d i n h i s m e m o r a n d a i s s u e d o n 
3 1 J u l y 1 9 6 9 [ 1 2 ] a n d 2 8 M a y 1 9 7 0 s t i r r e d c o n s i d e r a b l e i n t e r ­
e s t i n t h e a p p l i c a t i o n o f t h e s e t e c h n i q u e s t o t h e a c q u i s i ­
t i o n o f m a j o r w e a p o n s s y s t e m s f o r t h e D e p a r t m e n t o f D e f e n s e . 
F r o m t h e n u m e r o u s a p p r o a c h e s , d e f i n i t i o n s , m o d e l s , a n d 
t e c h n i q u e s w h i c h s u r f a c e d d u r i n g t h e e a r l y 1 9 7 0 f s t h e c e n ­
t r a l t h e m e s e e m e d t o b e t h a t a l t h o u g h t h e p r e c i s e d e f i n i t i o n 
o f r i s k a n a l y s i s i s u n c l e a r , i t i s a p a r t o f s y s t e m s a n a l y ­
s i s a n d d i f f e r s f r o m t h e m o r e s p e c i f i c p r o c e d u r e d e c i s i o n 
a n a l y s i s . A c o n d e n s a t i o n o f t h e l i t e r a t u r e a p p l i c a b l e t o 
i l l u s t r a t e t h e s e p o i n t s w i l l b e o u t l i n e d i n t h e f i r s t p a r t 
o f C h a p t e r I I . 
S i n c e r i s k a n a l y s i s i s n e i t h e r a n a r t n o r a s c i e n c e , 
o n e m u s t c h o o s e a d e f i n i t i o n o n w h i c h t o b a s e h i s a n a l y s i s . 
T h e t h e m e o f t h i s t h e s i s i s t o d e v e l o p r i s k a n a l y s i s p r o c e ­
d u r e s a p p l i c a b l e t o o p e r a t i o n a l t e s t i n g ; h e n c e , t h r o u g h o u t 
t h e r e m a i n d e r o f t h i s t h e s i s , t h e t e r m r i s k i s t h e p r o b a ­
b i l i t y t h a t a n o p e r a t i o n a l t e s t w i l l n o t b e c o m p l e t e d w i t h i n 
s p e c i f i e d t i m e , c o s t , a n d p e r f o r m a n c e c o n s t r a i n t s . R i s k 
a s s e s s m e n t i s t h e q u a n t i f i c a t i o n o f t h i s u n c e r t a i n t y a n d 
r i s k a n a l y s i s , s i m p l y s t a t e d , i s t h e r i s k a s s o c i a t e d w i t h 
a l t e r n a t i v e s o f t e s t d e s i g n , d a t a c o l l e c t i o n , a n d d a t a 
a n a l y s i s . R i s k a n a l y s i s p r o v i d e s t h e o p e r a t i o n a l t e s t 
d e c i s i o n - m a k e r w i t h a t o o l t o a s s e s s t h e c r i t i c a l i t y o f 
t e s t d a t a a n d t h e u n c e r t a i n t y i n t h e d e s i g n . 
To a i d t h e d e c i s i o n m a k e r i n r i s k a n a l y s i s a n u m b e r 
o f t o o l s a r e a v a i l a b l e t o a s s i s t i n t h e p r o c e d u r e . S i n c e 
e a c h t e s t d e s i g n i s u n i q u e a n d t h e d a t a a v a i l a b i l i t y f o r 
c e r t a i n d e s i g n s q u e s t i o n a b l e , a l l , p a r t , o r s o m e c o m b i ­
n a t i o n o f t e c h n i q u e s may b e u s e d . Among t h e s e a r e s u b ­
j e c t i v e p r o b a b i l i t y e s t i m a t i o n s u c h a s t h e D e l p h i t e c h ­
n i q u e , M o n t e C a r l o s i m u l a t i o n , n e t w o r k a n a l y s i s , a n d 
B a y e s i a n s t a t i s t i c a l i n f e r e n c e . 
N e t w o r k A n a l y s i s 
I n t h i s t h e s i s n e t w o r k a n a l y s i s h a s b e e n s e l e c t e d 
a s t h e t o o l m o s t l i k e l y t o c o n t r i b u t e s i g n i f i c a n t l y t o t h e 
d e c i s i o n - m a k e r ' s a s s e s s m e n t o f r i s k i n o p e r a t i o n a l t e s t i n g 
T h e f u n d a m e n t a l r e a s o n i s t h a t i t p r o v i d e s t h e m o s t l o g i ­
c a l c o m b i n a t i o n o f a l l a v a i l a b l e t o o l s i n t o a t o t a l r i s k 
a s s e s s m e n t p r o c e d u r e a n d p r o v i d e s e a s e i n m o d e l i n g o p e r a ­
t i o n a l t e s t d e s i g n s . I t a l s o p r o v i d e s a m e a n s f o r s p e c i f y 
i n g d a t a r e q u i r e m e n t s a n d e v a l u a t e s t h e i r i m p a c t o n t h e 
t e s t d e s i g n . 
A l t h o u g h n o a u t o m a t i c s y s t e m i s a v a i l a b l e t o a l l o w 
t h e a n a l y s t t o b u i l d a n e t w o r k m o d e l o f a u n i q u e t e s t 
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d e s i g n , s e v e r a l a n a l y t i c a l t e c h n i q u e s a n d c o m p u t e r p r o g r a m s 
a r e a v a i l a b l e t o a s s i s t t h e a n a l y s t i n t h e c o n d u c t o f a n 
e v a l u a t i o n o f t h e n e t w o r k . A b a c k g r o u n d o f n e t w o r k a n a l y t i ­
c a l m e t h o d s a n d m o r e s p e c i f i c a l l y n e t w o r k s i m u l a t i o n w i l l b e 
p r e s e n t e d i n t h e l a s t p a r t o f C h a p t e r I I . Of t h e a v a i l a b l e 
n e t w o r k s i m u l a t i o n p r o g r a m s , t w o p r o g r a m s a r e r e f e r e n c e d 
m o s t e x t e n s i v e l y i n t h e l i t e r a t u r e a n d a p p e a r t o b e u s e f u l 
t o t h e a n a l y s t i n a s s e s s i n g t h e r i s k i n o p e r a t i o n a l t e s t i n g ; 
V e n t u r e E v a l u a t i o n a n d R e v i e w T e c h n i q u e (VERT) a n d SOLVNET. 
VERT w a s w r i t t e n a n d p r o g r a m m e d b y G e r a l d M o e l l e r , 
U n i t e d S t a t e s Army A r m a m e n t s Command Rock I s l a n d , I l l i n o i s , 
i n 1972 a n d o f f e r e d a s a s t a n d a r d F o r t r a n IV p r o g r a m f o r 
D e p a r t m e n t o f D e n e n s e f o r u s e i n n e t w o r k a n a l y s i s . SOLVNET 
w a s w r i t t e n a n d p r o g r a m m e d b y S t e p h e n R. P e a r c y , U n i t e d 
S t a t e s Army A r m a m e n t s Command, P i c a t i n n y A r s e n a l , D o v e r , 
New J e r s e y , i n e a r l y 1 9 7 3 . A l t h o u g h w r i t t e n by a g e n c i e s o f 
t h e U n i t e d S t a t e s Army M a t e r i e l Command a n d t a u g h t i n t h e 
U n i t e d S t a t e s Army L o g i s t i c s T r a i n i n g C e n t e r , F o r t L e e , 
V i r g i n i a , t h e y a r e n o t i n w i d e u s e t h r o u g h o u t t h e command 
o r s p e c i f i e d f o r u s e i n r i s k a s s e s s m e n t i n r e g u l a t i o n s o f 
t h a t command. A c o m p a r i s o n of t h e t w o F o r t r a n p r o g r a m s a n d 
t h e i r a p p l i c a b i l i t y t o r i s k a n a l y s i s w i l l b e p r e s e n t e d i n 
C h a p t e r I I I , a n d an i n t e g r a t i o n o f n e t w o r k s i m u l a t i o n i n t o 
t e s t d e s i g n a n d e v a l u a t i o n w i l l b e d i s c u s s e d i n C h a p t e r I V . 
The h e a r t o f t h e t h e s i s w i l l b e t h e a p p l i c a t i o n a n d a n a l y s i s 
o f d a t a i n a t e s t d e s i g n m o d e l o f a n Army A i r D e f e n s e S y s t e m 
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i n C h a p t e r V. 
P u r p o s e and S c o p e 
The p u r p o s e o f t h i s t h e s i s may b e summarized a s 
f o l l o w s : 
1 . Rev iew and a n a l y z e n e t w o r k s i m u l a t i o n a s a v i a b l e 
r i s k a n a l y s i s t e c h n i q u e f o r o p e r a t i o n a l t e s t i n g . 
2 . Compare two e x i s t i n g c o m p u t e r programs a v a i l a b l e 
t o c o n d u c t n e t w o r k s i m u l a t i o n . 
3 . A p p l y n e t w o r k s i m u l a t i o n t o an o p e r a t i o n a l t e s t 
d e s i g n i l l u s t r a t i n g t h e c r i t i c a l i t y and s e n s i t i v i t y 
o f t e s t d e s i g n d a t a . 
O p e r a t i o n a l o r u s e r - o r i e n t e d t e s t i n g i s an e s s e n t i a l 
p a r t o f t h e m a t e r i a l d e v e l o p m e n t c y c l e f o r g o v e r n m e n t and 
i n d u s t r y . I n h e r e n t i n t h e c o n d u c t o f t h e s e t e s t s i s t h e 
u n c e r t a i n t y t h a t t h e p r o p o s e d t e s t d e s i g n w i l l f a i l t o m e e t 
t i m e and c o s t s c h e d u l e s w i t h o u t d e g r a d a t i o n o f p e r f o r m a n c e 
s t a n d a r d s . The d e c i s i o n - m a k e r h a s a n e e d t o know t h e e f f e c t 
t h a t c h a n g e s i n d a t a i n p u t s , t e s t d e s i g n , o r t e s t l i m i t a ­
t i o n s h a v e on t h e r i s k . The r e s u l t s o f t h i s r e s e a r c h s h o u l d 
p r o v i d e i n t e r e s t e d a g e n c i e s w i t h a means t o a s s i s t t e s t d e ­
s i g n e r s and e v a l u a t o r s w i t h t h e q u a n t i f i c a t i o n o f r i s k and 
t h e c o n d u c t o f r i s k a n a l y s i s . The n e t w o r k m o d e l i n g t e c h ­
n i q u e s u s e d i n t h e c o n d u c t o f t h i s r e s e a r c h s h o u l d b e t y p i ­
c a l o f t h o s e e n c o u n t e r e d i n t h e g e n e r a l p r o b l e m o f o p e r a ­
t i o n a l t e s t d e s i g n and e v a l u a t i o n . I t i s f e l t t h a t t h e s e 
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p r o c e d u r e s w i l l a d d i n s o m e w a y t o t h e k n o w l e d g e o f n e t ­
w o r k a n a l y s i s m e t h o d o l o g y . 
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CHAPTER I I 
LITERATURE REVIEW 
R i s k A n a l y s i s 
The c o n c e p t o f d e c i s i o n - m a k i n g u n d e r u n c e r t a i n t y i s 
n o t n e w . I t h a s b e e n s t u d i e d a n d r e p o r t e d i n t h e e a r l y 
s t a t i s t i c a l l i t e r a t u r e by P a s c a l , B e r n o u l l i , a n d B a y e s i n 
t h e 1 7 t h a n d 1 8 t h c e n t u r y . M o s t a p p l i c a t i o n s w e r e l i m i t e d 
t o games o f c h a n c e and r e l a t e d p h e n o m e n o n . U n t i l t h e r e ­
c e n t u p s u r g e i n s c i e n t i f i c a p p r o a c h e s t o m a n a g e m e n t , f r e ­
q u e n t l y l a b e l e d s y s t e m s m a n a g e m e n t o r s y s t e m s a n a l y s i s , 
r e a l w o r l d p r o b l e m s w e r e n o t s e r i o u s l y c o n s i d e r e d . The i n ­
c r e a s i n g c o s t s o f r e s o u r c e s b r o u g h t t o b e a r a n e e d t o make 
m a n a g e m e n t d e c i s i o n s on some q u a n t i f i e d b a s i s i n l i e u o f 
t h e m a n a g e r ' s i n t u i t i o n . T h i s r e s o u r c e s q u e e z e h a s p l a c e d 
i n c r e a s e d r e l i a n c e on s y s t e m s a n a l y s i s . S y s t e m s a n a l y s i s 
h a s b e e n d e f i n e d [46 ] a s a s y s t e m a t i c a p p r o a c h t o h e l p a 
d e c i s i o n - m a k e r t o c h o o s e a c o u r s e o f a c t i o n b y i n v e s t i g a t ­
i n g t h e p r o b l e m , s e a r c h i n g o u t a l t e r n a t i v e r o u t e s , a n d com­
p a r i n g t h e m i n t h e l i g h t o f t h e i r c o n s e q u e n c e u n d e r a n 
a p p r o p r i a t e f r a m e w o r k t o b r i n g e x p e r t j u d g m e n t a n d i n t u i t i o n 
t o b e a r on t h e p r o b l e m , w i t h o u t v i o l a t i n g e x o g e n o u s c o n ­
s t r a i n t s i m p o s e d on t h e p r o b l e m u n d e r s t u d y . I n l i g h t o f 
t h i s d e f i n i t i o n , Hwang [23 ] d o e s n o t s e p a r a t e r i s k a n a l y s i s 
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f r o m s y s t e m s a n a l y s i s b u t l a b e l s i t a " f o u r t h d i m e n s i o n " 
u n d e r w h i c h t o e f f e c t t r a d e o f f s . R i s k a n a l y s i s t h e n i s a 
p a r t o f s y s t e m s a n a l y s i s . 
P r i o r t o D e p u t y S e c r e t a r y f o r D e f e n s e D a v i d P a c k a r d ' s 
m e m o r a n d a d i r e c t i n g t h e m i l i t a r y d e p a r t m e n t s t o i n s t i t u t e 
f o r m a l r i s k a n a l y s i s [ 1 2 ] , t h e t e r m s r i s k , r i s k a v e r s e , o r 
r i s k a n a l y s i s w e r e l a r g e l y a s s o c i a t e d w i t h a c t u a r i a l s c i e n c e 
a n d i n v e s t m e n t a n a l y s t s . Some r e f e r e n c e s a l s o a s s o c i a t e a 
p s y c h o l o g i c a l s t a t e o f a m a n a g e r a s r i s k a v e r s e . I n f a c t , 
a l a r g e b o d y o f m a n a g e m e n t l i t e r a t u r e c o n c e r n i n g u t i l i t y 
t h e o r y r e l i e s o n t h i s a s s u m p t i o n . 
T h e Army M a t e r i e l S y s t e m s A n a l y s i s A g e n c y , U n i t e d 
S t a t e s Army M a t e r i e l Command, A b e r d e e n , M a r y l a n d [ 2 ] d i f ­
f e r e n t i a t e s d e c i s i o n a n a l y s i s a s d e f i n e d b y R a i f f a [ 4 7 ] f r o m 
r i s k a n a l y s i s . R i s k a n a l y s i s p r o v i d e s a n o r d e r l y c o m p r e ­
h e n s i v e a n a l y s i s o f a l t e r n a t i v e s h i g h l i g h t i n g t h e u n c e r t a i n t y 
i n t h e d e c i s i o n . D e c i s i o n a n a l y s i s u t i l i z e s t h e d e c i s i o n ­
m a k e r ' s p r e f e r e n c e i n s e l e c t i n g a n a l t e r n a t i v e . D e c i s i o n 
a n a l y s i s r e l i e s h e a v i l y o n u t i l i t y t h e o r y a n d a l t h o u g h 
Hwang [ 2 2 ] h a s o u t l i n e d a m o d e l f o r r i s k a n a l y s i s u s i n g 
m i l i t a r y u t i l i t y i n t h e m a t e r i e l a c q u i s i t i o n p r o c e s s , d e t e r ­
m i n i n g a u t i l i t y f u n c t i o n f o r t h i s p r o c e s s i s d i f f i c u l t b e ­
c a u s e o f t h e l a c k o f c o m p a r a t i v e m e a s u r e s s i m i l a r t o p r o f i t 
a n d l o s s i n t h e i n d u s t r i a l c o m m u n i t y . H o w a r d [ 2 1 ] d i s ­
c u s s e s t h e d e v e l o p m e n t o f d e c i s i o n a n a l y s i s i n r e c e n t b u s i ­
n e s s a n d g o v e r n m e n t a p p l i c a t i o n s w i t h n o s o l u t i o n t o t h e 
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l a c k o f c o m p a r a t i v e m e a s u r e s d i s c u s s e d b y o t h e r a u t h o r s . 
P r i o r t o 1 9 6 9 r i s k a s s e s s m e n t i n t h e m i l i t a r y 
m a t e r i e l a c q u i s i t i o n d e c i s i o n s w a s l a r g e l y t h e s u b j e c t i v e 
j u d g m e n t o f t h e d e c i s i o n - m a k e r o r h i s s t a f f a n a l y s t [ 5 2 ] . 
S i m p l i s t i c d e t e r m i n i s t i c m o d e l s w e r e p r o p o s e d b y V a r n e l l 
e t a l . [ 5 2 ] , S h e a r [ 4 8 ] , a n d Hwang [ 2 3 ] , b u t t h e i r a p p l i ­
c a t i o n i s l i m i t e d t o p r o j e c t s w i t h l i t t l e c o m p l e x i t y . A 
s i m i l a r q u a n t i t a t i v e p r o c e d u r e i s p r o p o s e d f o r t e s t d e ­
s i g n e r s a n d p r o j e c t m a n a g e r s o f t h e U n i t e d S t a t e s A r m y 
T e s t a n d E v a l u a t i o n A g e n c y , U n i t e d S t a t e s A r m y M a t e r i e l 
C o m m a n d , A b e r d e e n P r o v i n g G r o u n d , M a r y l a n d , i n t h e i r m o s t 
r e c e n t USATECOM p a m p h l e t 7 0 - 5 [ 5 1 ] . T h e s e m o d e l s p r o v i d e 
a m e t h o d o l o g y f o r t h e m a n a g e r t o a s s e s s r i s k , a n d a s p o i n t e d 
o u t b y t h e U n i t e d S t a t e s A i r F o r c e R i s k A n a l y s i s S t u d y T e a m 
[ 5 0 ] , " T h e r e i s n o ' o n e b e s t w a y ' t o c o n d u c t a r i s k a n a l y ­
s i s . 11 F r o m t h e i r e x h a u s t i v e l i t e r a t u r e s u r v e y i n 1 9 7 0 o n e 
c o u l d n o t a r g u e w i t h t h e i r c o n c l u s i o n . T h e y f o u n d i t d i f f i ­
c u l t t o f i n d a r e a s o n a b l y c l e a r d e f i n i t i o n o f r i s k a n a l y s i s 
a n d i t i s e s s e n t i a l l y t h e i r d e f i n i t i o n , " r i s k i s t h e p r o b a ­
b i l i t y t h a t a p r o j e c t w i l l n o t b e c o m p l e t e d w i t h i n a s p e c i ­
f i e d t i m e , c o s t a n d p e r f o r m a n c e c o n s t r a i n t s b y f o l l o w i n g a 
s p e c i f i e d c o u r s e o f a c t i o n " t h a t w i l l b e u s e d i n t h i s 
t h e s i s . S i n c e t h e i r s t u d y i n 1 9 7 0 a n d u s i n g t h e f o u n d a t i o n s 
l a i d i n 1 9 6 2 a n d 1 9 6 6 b y E i s n e r , P r i t s k e r , H a p p , , a n d W h i t e -
h o u s e [ 1 3 , 4 4 , 5 3 ] n e t w o r k s i m u l a t i o n h a s b e e n e x t e n s i v e l y 
d e v e l o p e d . T h i s may b e t h e m o s t e f f e c t i v e w a y t o c o n d u c t 
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r i s k a n a l y s i s f o r l a r g e c o m p l e x m o d e l s . 
N e t w o r k A n a l y s i s 
T h e s u c c e s s o f t h e U n i t e d S t a t e s N a v y i n 1 9 5 8 u s i n g 
PERT ( P r o g r a m E v a l u a t i o n a n d R e v i e w T e c h n i q u e ) i n t h e d e ­
v e l o p m e n t o f t h e P o l a r i s F l e e t B a l i s t i c M i s s i l e S y s t e m 
g e n e r a t e d a s u b s t a n t i a l b o d y o f n e t w o r k a n a l y s i s m e t h o d ­
o l o g y . PERT w a s o r i g i n a l l y d e s i g n e d t o b e t i m e - o r i e n t e d 
a n d d i d n o t d i r e c t l y c o n s i d e r c o s t o r a v a i l a b i l i t y o f r e ­
s o u r c e s . PERT t i m e d u r a t i o n s a r e s u b j e c t t o a p r o b a b i l i t y 
d i s t r i b u t i o n . A n i n t e g r a l p a r t o f t h i s d i s t r i b u t i o n a r e 
t h r e e t i m e e s t i m a t e s — n o r m a l , o p t i m i s t i c , a n d p e s s i m i s t i c . 
T h e a s s u m p t i o n o f a b e t a d i s t r i b u t i o n h a s d r a w n c o n s i d e r ­
a b l e c o m m e n t i n t h e l i t e r a t u r e . M a l c o l m e t a l . [ 3 1 ] , 
M u r r a y [ 3 7 ] , M a c C r i m m o n a n d R y a v e c [ 4 1 , 4 2 ] , C l a r k [ 6 ] , 
G r u b b s [ 1 8 ] , a n d H a r t l e y a n d W o r t h a m [ 1 9 ] a r e a m o n g t h o s e 
who h a v e d i s c u s s e d t h e PERT a s s u m p t i o n s a n d s u g g e s t e d 
a l t e r n a t i v e s . Some e x t e n s i o n s o f PERT i n c l u d e P E R T / C o s t 
[ 3 9 ] a n d P E R T / R e l i a b i l i t y [ 3 2 ] . P E R T / C o s t a d d s r e s o u r c e 
c o s t t o t h e n o r m a l P E R T / T i m e s c h e d u l e . I t d o e s n o t a t t e m p t 
t o u s e c o s t d a t a t o o p t i m i z e t o t a l c o s t a n d p r o v i d e s n o 
p r o b a b i l i t y i n f o r m a t i o n o n c o s t d a t a . P E R T / R e l i a b i l i t y i s 
a n e x t e n s i o n o f PERT i n t o r e l i a b i l i t y m a n a g e m e n t . 
CPM ( C r i t i c a l P a t h M e t h o d ) w a s d e v e l o p e d i n d e p e n d e n t l y 
a t t h e same t i m e a s PERT f o r a c o n s t r u c t i o n p r o j e c t a t 
D u P o n t . T h i s m e t h o d w a s i n s t i t u t e d b y K e l l y a n d W a l k e r 
[ 2 5 , 2 6 , 2 7 ] , d e v e l o p e d f u r t h e r b y F u l k e r s o n [ 1 6 ] , a n d 
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r e f i n e d b y M o d e r a n d P h i l l i p s [ 4 9 , p . 1 0 9 ] . CPM r e q u i r e s 
t h a t t i m e d u r a t i o n s b e d e t e r m i n i s t i c f o r a c e r t a i n l e v e l o f 
r e s o u r c e u t i l i z a t i o n . CPM h a s b e e n e x t e n d e d t o C P M / T i m e 
b y G e s s f o r d [ 1 7 ] a n d " m a k e " o r " b u y " d e c i s i o n s b y K l e i n -
s h m i d t , M o o r e , a n d T a m a s h a n a s [ 2 8 ] . 
PERT a n d CPM p r o g r a m p l a n n i n g a n d c o n t r o l m e t h o d s 
h a v e b e e n u s e d e x t e n s i v e l y i n r e s e a r c h a n d d e v e l o p m e n t 
s c h e d u l i n g , c o n s t r u c t i o n p l a n n i n g , a n d r e s o u r c e a l l o c a t i o n 
m o d e l s [ 1 1 ] . I n 1 9 6 6 P r i t s k e r a n d H a p p [ 4 4 ] a t t r i b u t e d t h e 
i n c r e a s i n g r a t e o f n e t w o r k s a n d n e t w o r k a n a l y s i s t o t h e e a s e 
w i t h w h i c h o p e r a t i o n a l s y s t e m s c o u l d b e m o d e l e d i n n e t w o r k 
f o r m . T h e y a l s o a t t r i b u t e d t h e g r o w t h t o ( 1 ) t h e a b i l i t y t o 
m o d e l c o m p l e x s y s t e m s b y c o m p o u n d i n g s i m p l e s y s t e m s , ( 2 ) t h e 
n e e d f o r a c o m m u n i c a t i o n s m e c h a n i s m t o d i s c u s s t h e o p e r a ­
t i o n a l s y s t e m i n t e r m s o f i t s s i g n i f i c a n t f e a t u r e s , ( 3 ) a 
m e a n s f o r s p e c i f y i n g t h e d a t a r e q u i r e m e n t s f o r a n a l y s i s o f 
t h e s y s t e m , a n d ( 4 ) a s t a r t i n g p o i n t f o r a n a l y s i s a n d s c h e ­
d u l i n g o f t h e o p e r a t i o n a l s y s t e m . 
I n v i e w o f t h e c o m p l e x i t y a s s o c i a t e d w i t h r i s k a n a l y ­
s i s f o r D e p a r t m e n t o f D e f e n s e m i l i t a r y d e p a r t m e n t s , i t i s 
n o t d i f f i c u l t t o u n d e r s t a n d why t h e m i l i t a r y a n a l y s t h a s 
t u r n e d t o n e t w o r k m e t h o d o l o g y . B r y a n t [ 4 ] l i s t s a' n u m b e r 
o f q u e s t i o n s w h i c h c a n b e b r o u g h t t o b e a r u s i n g n e t w o r k 
a n a l y s i s : ( 1 ) How c a n o n e b e t t e r a l l o c a t e r e s o u r c e s b e ­
t w e e n a c t i v i t i e s t o s h o r t e n t h e p r o j e c t , r e d u c e r i s k , o r 
r e d u c e c o s t s ? ( 2 ) How c a n p e r f o r m a n c e r e q u i r e m e n t s b e 
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r e d u c e d i n c r i t i c a l o r p a c i n g a c t i v i t i e s w i t h o u t g r e a t l y 
r e d u c i n g t h e b e n e f i t s o f t h e p r o g r a m ? (3) A r e t h e r e n o n -
c r i t i c a l a c t i v i t i e s w h e r e c o s t s o r r i s k s c a n b e r e d u c e d 
w i t h no i n c r e a s e i n t h e l e n g t h o f t h e o v e r a l l p r o g r a m ? 
(4) I s t h e r e a b e t t e r n e t w o r k l e a d i n g t o a b e t t e r c o m b i ­
n a t i o n o f p r o g r a m t i m e , c o s t , a n d p e r f o r m a n c e v a l u e s ? 
The f i r s t s i g n i f i c a n t d e v e l o p m e n t t o e x p a n d t h e 
c a p a b i l i t y o f n e t w o r k m o d e l s t o i n c o r p o r a t e m o r e s t o c h a s t i c 
f l e x i b i l i t y w a s t h e " d e c i s i o n b o x " i n t r o d u c e d b y E i s n e r 
[ 1 3 ] . E lmaghraby [19 ] a d d e d a d d i t i o n a l l o g i c and a l g e b r a 
t o n e t w o r k m o d e l s a n d a n u m b e r o f a u t h o r s h a v e u s e d f l o w -
g r a p h s t o r e p r e s e n t a n d a n a l y z e p r o b a b i l i t y s y s t e m s . The 
m a j o r d e v e l o p m e n t w a s P r i t s k e r ' s G r a p h i c a l E v a l u a t i o n a n d 
R e v i e w T e c h n i q u e (GERT) [ 4 4 ] . W h i t e h o u s e [ 5 3 ] d e s c r i b e s 
GERT a s a p r o c e d u r e w h i c h c o m b i n e s t h e d i s c i p l i n e s o f f l o w -
g r a p h t h e o r y , moment g e n e r a t i n g f u n c t i o n s , a n d PERT t o o b ­
t a i n s o l u t i o n t o s t o c h a s t i c p r o b l e m s . GERT d e r i v e s b o t h 
t h e p r o b a b i l i t y t h a t a n o d e w i l l b e r e a l i z e d , a n d t h e c o n d i ­
t i o n a l moment g e n e r a t i n g f u n c t i o n o f t h e e l a p s e d t i m e r e ­
q u i r e d t o t r a v e r s e b e t w e e n a n y t w o n o d e s . 
A n o t h e r m e t h o d f o r e v a l u a t i n g s t o c h a s t i c d e c i s i o n 
m o d e l s w a s p r o p o s e d b y H e s p o s a n d S t r a s s m a n n [2 0] when t h e y 
i n t r o d u c e d t h e c o n c e p t o f t h e s t o c h a s t i c d e c i s i o n t r e e . 
T h e y a p p l i e d M o n t e C a r l o a n d GPSS s i m u l a t i o n t e c h n i q u e s t o 
c o n d u c t a r i s k a n a l y s i s on i n v e s t m e n t d e c i s i o n s . C r o w s t o n e 
a n d Thompson [7 ] e x t e n d e d E i s n e r ' s d e c i s i o n a l t e r n a t i v e s 
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i n t o a C P M n e t w o r k . T h e i r m e t h o d b e c a m e k n o w n a s d e c i s i o n 
C P M . 
T h e e s s e n t i a l d i f f i c u l t y i n a p p l y i n g t h e t e c h n i q u e s 
o u t l i n e d a b o v e t o r i s k a n a l y s i s i s i n t h e a g g r e g a t i o n o f a 
t o t a l r i s k p r o f i l e . S t o c h a s t i c n e t w o r k s a r e c h a r a c t e r i z e d 
b y t h e i r e v e n t s ( n o d e s ) a n d a c t i v i t i e s ( a r c s ) . W h e n a l l 
a c t i v i t i e s l e a d i n g t o a n e v e n t m u s t b e c o m p l e t e d p r i o r t o 
t h e e v e n t t a k i n g p l a c e , t h e n e t w o r k n o d e l o g i c i s l a b e l e d 
" A N D " . T h e a g g r e g a t i o n o f a t o t a l r i s k p r o f i l e b y P E R T 
w o u l d r e q u i r e t h e c o n s t r u c t i o n o f a n e t w o r k o f o n l y A N D 
n o d e s w i t h d e t e r m i n i s t i c o u t p u t w h e r e i n d i v i d u a l a c t i v i t y 
r i s k p r o f i l e s w e r e o b t a i n e d f r o m b e t a o r t r i a n g u l a r d i s t r i ­
b u t i o n s . S i m i l a r l y , t h e a g g r e g a t i o n o f a t o t a l r i s k p r o ­
f i l e b y G E R T w o u l d s p e c i f y a c a s e w h e r e a l l n o d e s h a v e O R 
i n p u t s a n d p r o b a b i l i s t i c o u t p u t s . O R l o g i c s p e c i f i e s t h a t 
o n l y o n e a c t i v i t y l e a d i n g t o a n e v e n t n e e d b e c o m p l e t e d 
p r i o r t o t h e e v e n t t a k i n g p l a c e . S u c h a n e t w o r k i s a n e x ­
t r e m e l y s p e c i a l c a s e a n d o n e n o t l i k e l y t o o c c u r i n p r a c ­
t i c e . F o r m o d e l s w h i c h d o n o t f a l l n a t u r a l l y i n t o e i t h e r 
o n e o f t h e s e c a t e g o r i e s , t h e n a t u r a l w a y t o a c c u m u l a t e a 
t o t a l r i s k p r o f i l e i s t h r o u g h n e t w o r k s i m u l a t i o n . 
I n v i e w o f t h e l a c k o f s u c h s p e c i a l n e t w o r k s a n d t h e 
h e a v y e m p h a s i s o f S e c r e t a r y P a r k a r d o n r i s k a n a l y s i s , t h e 
l o g i s t i c s t r a i n i n g a c t i v i t y o f t h e A r m y M a t e r i e l C o m m a n d , 
T h e U . S . A r m y L o g i s t i c s M a n a g e m e n t a n d T r a i n i n g C e n t e r 
( A L M A C ) l e t a c o n t r a c t t o M a t h e m a t i c a o f P r i n c e t o n , N e w 
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J e r s e y t o d e v e l o p a t e a c h i n g a i d f o r n e t w o r k s i m u l a t i o n 
f o r l o g i s t i c s s t u d e n t s . They d e v e l o p e d a p r o g r a m known a s 
MATHNET [ 3 3 ] . MATHNET w a s m o d i f i e d by t h e c e n t e r t o a 
s m a l l e r v e r s i o n c a l l e d RISCA ( R i s k I n f o r m a t i o n S y s t e m a n d 
C o s t A n a l y s i s ) [ 1 ] . An e x p a n d e d v e r s i o n f o r u s e b y r e ­
s e a r c h a n d d e v e l o p m e n t m a n a g e r s w a s p r o g r a m m e d b y S t e p h e n 
P e r c y , U . S . Army A r m a m e n t s Command, P i c a t i n n y A r s e n a l , 
D o v e r , New J e r s e y a n d l a b e l e d SOLVNET [ 4 3 ] . An i n d e p e n d e n t 
e f f o r t t o b u i l d a r i s k a n a l y s i s t o o l f o r u s e by t h e same 
g r o u p o f m a n a g e r s i n DOD a n d i n d u s t r y c u l m i n a t e d i n a n e t ­
w o r k s i m u l a t i o n p r o g r a m e n t i t l e d VERT ( V e n t u r e E v a l u a t i o n 
a n d R e v i e w T e c h n i q u e ) [ 3 5 ] . VERT h a s e v o l v e d f r o m an e x ­
p a n d e d v e r s i o n o f MATHNET known a s STATNET. 
A d e s c r i p t i o n , d i s c u s s i o n , a n d c o m p a r i s o n o f VERT 
a n d SOLVNET f o l l o w s i n C h a p t e r I I I . T h e s e n e t w o r k s i m u ­
l a t i o n p r o g r a m s h a v e o v e r c o m e many o f t h e l i m i t a t i o n s o f 
PERT, CPM, a n d GERT b y o f f e r i n g b o t h p r o b a b i l i s t i c a n d 
d e t e r m i n i s t i c l o g i c e l e m e n t s . W i t h t h e s e n e t w o r k t e c h n i q u e s 
t h e a n a l y s t c a n f o c u s h i s a t t e n t i o n on t h e a c c u r a c y o f t h e 
i n p u t s a n d l e a v e t h e o u t c o m e o f t h e m o d e l t o t h e n e t w o r k 
m e t h o d o l o g y . The a g g r e g a t i o n o f t i m e , c o s t , a n d p e r f o r m a n c e 
p a r a m e t e r s b y s i m u l a t i o n p r o v i d e s a n a n a l y s i s n o t p o s s i b l e 
u n d e r e x i s t i n g q u a n t i f i c a t i o n t e c h n i q u e s . 
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CHAPTER I I I 
A DISCUSSION, DESCRIPTION, AND COMPARISON 
OF VERT AND SOLVNET 
N e t w o r k s a n d N e t w o r k S i m u l a t i o n 
A g e n e r a l i z e d n e t w o r k may b e d e f i n e d a s a s e t o f 
n o d e s , d i r e c t e d a r c s , a n d f u n c t i o n s a s s i g n e d t o t h o s e a r c s . 
A n o d e i s c h a r a c t e r i z e d a s a n e v e n t o r m i l e s t o n e . D i r e c t e d 
a r c s a r e t y p i c a l l y a c t i v i t i e s o r s u b p r o g r a m s a n d t h e f u n c ­
t i o n s a s s i g n e d t o t h o s e a c t i v i t i e s may b e d e t e r m i n i s t i c o r 
p r o b a b i l i s t i c r e l a t i o n s h i p s among known p a r a m e t e r s . 
F i g u r e 1 . N e t w o r k T e s t D i a g r a m 
E x a m p l e 
The U . S . Army O p e r a t i o n a l T e s t a n d E v a l u a t i o n A g e n c y 
(OTEA) h a s b e e n a s k e d t o c o n s t r u c t a n o p e r a t i o n a l t e s t t o 
c o m p a r e t h e W i g h t a n d t h e Zamo. W i g h t s a n d Zamos m u s t m e e t 
minimum p e r f o r m a n c e s t a n d a r d s o f 10 z a p s p e r r o u n d . I f 
b o t h t h e W i g h t s a n d Zamos m e e t minimum s t a n d a r d s t h e s y s t e m 
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w i t h t h e m o s t z a p s p e r r o u n d d u r i n g t h e o p e r a t i o n a l t e s t 
w i l l b e s e l e c t e d . OTEA i s l i m i t e d t o o n e w e e k a n d $ 1 0 0 t o 
t e s t t h e s e new s y s t e m s . T h e c o m m a n d e r o f OTEA i s i n t e r ­
e s t e d i n c o n d u c t i n g a r i s k a s s e s s m e n t a n d r i s k a n a l y s i s o n 
t h i s p r o j e c t . 
F i g u r e 1 r e p r e s e n t s a n e t w o r k m o d e l o f t h i s e x a m p l e . 
T h e n o d e s m e n t i o n e d a b o v e a r e l a b e l e d S T A R T , F I N T W , COMPT, 
F I N T Z , F A I L Z , F A I L , a n d SUCCESS. T h e y r e p r e s e n t e v e n t s o f 
i n t e r e s t t o t h e t e s t d e s i g n e r . F o r e x a m p l e , F I N T W r e p r e ­
s e n t s t h e c o m p l e t i o n o f t h e d a t a s a m p l i n g o f t h e o p e r a t i o n a l 
t e s t o n t h e W i g h t . T h e r e m a i n d e r o f t h e n o d e l a b e l s a r e 
d e s c r i b e d i n T a b l e 1 . S i m i l a r l y , d i r e c t e d a r c s a r e a l s o 
i n d i c a t e d o n t h e e x a m p l e n e t w o r k g r a p h . T h e y r e p r e s e n t 
a c t i v i t i e s o r s u b - t e s t s l e a d i n g f r o m o n e e v e n t t o a n o t h e r 
e v e n t . F o r e x a m p l e , TESTW i s t h e c o l l e c t i o n o f h i t d a t a 
f o r t h e W i g h t . TESTW o r i g i n a t e s f r o m t h e n o d e START a n d i s 
d i r e c t e d t o t h e n o d e F I N T W . A c o m p l e t e l i s t i n g o f a r c s i s 
g i v e n i n T a b l e 2 . T h e t i m e t o c o n d u c t t h e o p e r a t i o n a l t e s t 
a n d c o l l e c t t h e h i t d a t a o n t h e W i g h t ( a r c TESTW) i s e s t i ­
m a t e d t o b e n o r m a l l y d i s t r i b u t e d w i t h a m e a n o f o n e - h a l f 
w e e k a n d a s t a n d a r d d e v i a t i o n o f o n e - f o u r t h w e e k . T h e 
W i g h t h a s p r e v i o u s l y d e m o n s t r a t e d t h a t i t s n u m b e r o f z a p s 
p e r r o u n d i s t r i a n g u l a r l y d i s t r i b u t e d w i t h a m e a n o f 1 2 
b e t w e e n m i n i m u m a n d m a x i m u m z a p s p e r r o u n d o f 5 a n d 1 5 . 
T h e c o s t t o r u n t h e W i g h t t e s t i s l i n k e d t o t h e a m o u n t o f 
t i m e n e c e s s a r y t o c o n d u c t t h e t e s t b y a f a c t o r o f $ 1 0 . 0 0 
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T a b l e 1 . N o d e D e s c r i p t i o n s 
N o d e D e s c r i p t i o n 
START S t a r t p o i n t f o r t h e n e t w o r k 
F I N T W C o m p l e t i o n o f d a t a c o l l e c t i o n f o r 
S y s t e m 
t h e W i g h t 
F I N T Z C o m p l e t i o n o f d a t a c o l l e c t i o n f o r 
o p e r a t i o n a l t e s t 
t h e Zamo 
F A I L W F a i l u r e o f t h e W i g h t S y s t e m T e s t 
F A I L Z F a i l u r e o f t h e Zamo S y s t e m T e s t 
COMPT S e l e c t i o n o f t h e b e s t s y s t e m 
S u c c e s s T e r m i n a t i o n o f p r o j e c t 
F A I L F a i l u r e o f p r o j e c t 
T a b l e 2 . A r c D e s c r i p t i o n s 
A r c D e s c r i p t i o n 
TESTW C o l l e c t i o n o f h i t d a t a o n t h e W i g h t S y s t e m 
TESTZ C o l l e c t i o n o f h i t d a t a o n t h e Zamo S y s t e m 
F A I L W T r a n s p o r t a t i o n a r c f o r W i g h t f a i l u r e 
F A I L Z T r a n s p o r t a t i o n a r c f o r Zamo f a i l u r e 
COMW C o m p a r e W i g h t S y s t e m GT 1 0 h i t s 
COMZ C o m p a r e Zamo S y s t e m GE 1 0 h i t s 
SUCCP T r a n s p o r t a t i o n a r c f o r p r o j e c t s u c c e s s 
F A I L P T r a n s p o r t a t i o n a r c f o r p r o j e c t f a i l u r e 
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t i m e s t h e t e s t d u r a t i o n i n w e e k s . T h e s e a r e e x a m p l e s o f 
t h e f u n c t i o n s w h i c h a r e a s s i g n e d t o a r c TESTW. N o t e t h a t 
n u m b e r o f z a p s p e r r o u n d a n d a m o u n t o f t i m e n e c e s s a r y t o 
c o n d u c t t h e t e s t a r e p r o b a b i l i s t i c w h i l e c o s t i s d e t e r m i n ­
i s t i c . T h e r e m a i n i n g f u n c t i o n a l r e l a t i o n s h i p s a s s i g n e d t o 
t h e a r c s a r e o u t l i n e d i n T a b l e 3 . 
T a b l e 3 . A r c F u n c t i o n s 
A r c P a r a m e t e r D i s t r i b u t i o n M e a n SD M i n M a x 
TESTW T i m e 
P e r f o r m a n c e 
C o s t 
N o r m a l 
T r i a n g u l a r 
N o n e 
1 / 2 
1 2 
$ 1 0 x 
1 / 4 
T i m e 
5 1 5 
TESTZ T i m e 
P e r f o r m a n c e 
C o s t 
N o r m a l 
E r l a n g 
N o n e 
1 / 2 
1 3 
$ 1 5 x 
1 / 4 
T i m e 
8 1 8 
COMW T i m e E x p o n e n t i a l 1 / 2 0 1 
COMZ T i m e E x p o n e n t i a l 1 / 2 0 i—
• 
N o t e : F A I L W , F A I L Z , S U C C P , a n d F A I L P a r e t r a n s p o r ­
t a t i o n a r c s w i t h n o f u n c t i o n a s s i g n m e n t b u t w i t h a p r o b a ­
b i l i t y o f i n i t i a t i o n . 
S t o c h a s t i c n e t w o r k s h a v e t h e a d d i t i o n a l f o l l o w i n g 
c h a r a c t e r i s t i c s : 
1 . N o d e s d e p i c t l o g i c a l o p e r a t i o n s . 
2 . E a c h a r c h a s a s s o c i a t e d w i t h i t t h e p r o b a b i l i t y t h a t 
i t w i l l b e p e r f o r m e d . 
3 . A r e a l i z a t i o n o f t h e n e t w o r k i s a p a r t i c u l a r s e t o f 
a r c s a n d n o d e s w h i c h d e s c r i b e s t h e n e t w o r k f o r o n e 
e x p e r i m e n t . 
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4 . I f a p a r a m e t e r i s a r a n d o m v a r i a b l e , r e a l i z a t i o n o f 
t h e n e t w o r k i m p l i e s t h a t a f i x e d v a l u e f o r t h a t 
p a r a m e t e r h a s b e e n s e l e c t e d f o r e a c h a r c [ 4 9 ] . 
y 
T h e a b i l i t y o f a s t o c h a s t i c n e t w o r k t o r e p r e s e n t t h e 
r e a l w o r l d t h e n l i e s i n t h e f l e x i b i l i t y a s s o c i a t e d w i t h n o d e 
l o g i c . E a c h n o d e m u s t b e d e f i n e d b y a s e t o f i n p u t a r c s a n d 
a s e t o f o u t p u t a r c s , h e n c e , e a c h n o d e m u s t h a v e a s p e c i f i e d 
i n p u t l o g i c a n d c o r r e s p o n d i n g o u t p u t l o g i c . T h e b a s i c t y p e s 
o f i n p u t l o g i c t o a s t o c h a s t i c n e t w o r k a r e A N D a n d O R , a n d 
t h e b a s i c o u t p u t l o g i c i s D E T E R M I N I S T I C o r P R O B A B I L I S T I C . 
T a b l e 4 s u m m a r i z e s a d e s c r i p t i o n o f t h e s e t y p e s o f n o d e 
l o g i c . 
T a b l e 4 . B a s i c L o g i c D e s c r i p t i o n s 
L o g i c D e s c r i p t i o n 
I n p u t : 
A N D A l l a r c s e n t e r i n g t h e n o d e m u s t b e 
r e a l i z e d b e f o r e t h e n o d e i s r e a l i z e d 
O R T h e n o d e i s r e a l i z e d w h e n t h e f i r s t 
a r c e n t e r i n g i t i s r e a l i z e d 
O u t p u t : 
D E T E R M I N I S T I C A l l a r c s e m a n a t i n g f r o m t h e n o d e a r e 
i n i t i a t e d w h e n t h e n o d e i s r e a l i z e d 
P R O B A B I L I S T I C A r c s e m a n a t i n g f r o m t h e n o d e a r e 
r e a l i z e d w h e n t h e n o d e i s r e a l i z e d 
a c c o r d i n g t o a s p e c i f i e d p r o b a ­
b i l i t y d i s t r i b u t i o n 
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E a c h n o d e t h e n i s a c o m p o s i t e o f i n p u t a n d o u t p u t 
l o g i c p o r t i o n s . F i g u r e 2 i s a n e x a m p l e o f a AND/DETER­
MINISTIC s p l i t n o d e . 
A s s e m b l e T e s t P e r s o n n e l 
T e s t 
D i r e c t o r a t e 
O r g a n i z e d 
B e g i n T e s t i n g ^ 
A s s e m b l e T e s t E q u i p m e n t 
F i g u r e 2 . AND/DETERMINISTIC S p l i t Node 
H e r e b o t h t h e a s s e m b l e t e s t p e r s o n n e l a r c a n d t h e a s s e m b l e 
t e s t e q u i p m e n t a r c m u s t b e c o m p l e t e d s u c c e s s f u l l y b e f o r e 
t h e n o d e T e s t D i r e c t o r a t e O r g a n i z e d i s r e a l i z e d . A r c B e g i n 
T e s t i n g i s i n i t i a t e d when t h e i n p u t r u l e f o r t h e n o d e i s 
s a t i s f i e d . F i g u r e 3 i l l u s t r a t e s OR/PROBABILISTIC s p l i t 
n o d e l o g i c . 
C o n t r a c t o r A E q u i p m e n t 
E x a m i n e 
W i n n i n g 
C o n t r a c t o r 
A c c e p t e d 
C o n t r a c t o r B E q u i p m e n t R e j e c t e d 
F i g u r e 3 . OR/STOCHASTIC S p l i t Node 
I n t h i s e x a m p l e , o n l y t h e e q u i p m e n t o f o n e c o n t r a c t o r w i l l 
b e e x a m i n e d . The w i n n i n g a r c c o u l d b e b a s e d on a c o m p u ­
t a t i o n a n d w e i g h t e d c o m p a r i s o n o f minimum t i m e , maximum 
p e r f o r m a n c e , a n d minimum c o s t , some f u n c t i o n o f r i s k , o r 
a f u n c t i o n o f o t h e r r e l e v a n t p a r a m e t e r s . The i n i t i a t i o n 
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o f e i t h e r a c c e p t e d o r r e j e c t e d a r c s f o l l o w s a p r o b a b i l i t y 
d i s t r i b u t i o n . 
T h e f o u r c o m b i n a t i o n s o f b a s i c i n p u t a n d o u t p u t l o g i c 
w i l l b e r e q u i r e d t o c o m p l e t e f l o w w i t h i n a n e t w o r k a n d m o r e 
c l o s e l y a p p r o x i m a t e t h e r e a l w o r l d . I t a l s o f o l l o w s t h a t 
a l l a r c s w i t h i n t h e n e t w o r k n e e d n o t b e r e a l i z e d i n o r d e r 
t o r e a l i z e t h e t e r m i n a l n o d e o f t h e n e t w o r k . A r c s e m a n a t i n g 
f r o m a p r o b a b i l i s t i c n o d e m a y n o t b e r e a l i z e d a n d a r c s 
e n t e r i n g a n o d e w i t h O R i n p u t l o g i c m a y b e u n s u c c e s s f u l . 
O n c e t h e a n a l y s t h a s f o r m u l a t e d h i s m o d e l a n d d e ­
v e l o p e d t h e i n d i v i d u a l f u n c t i o n s r e p r e s e n t e d b y e a c h a r c o r 
a c t i v i t y , h e m u s t s e l e c t a m e t h o d t o a g g r e g a t e o r c o l l e c t 
h i s i n d i v i d u a l r e l a t i o n s h i p s i n t o a t o t a l p r o f i l e f o r t h e 
p a r a m e t e r h e i s i n t e r e s t e d i n a n a l y z i n g . A m o n g t h e n e t w o r k 
a n a l y s i s m e t h o d s h e m a y u s e a r e G E R T , P E R T , C P M , a n d n e t ­
w o r k s i m u l a t i o n . 
G E R T i s l i m i t e d t o n e t w o r k s c o n s i s t i n g o f n o d e s w i t h 
O R i n p u t l o g i c a n d p r o b a b i l i s t i c o u t p u t l o g i c . P r i t s k e r ' s 
t e c h n i q u e u s e s t h e m o m e n t g e n e r a t i n g f u n c t i o n f r o m t h e 
p a r a m e t e r p r o f i l e o n e a c h b r a n c h t o d e v e l o p a t o t a l p a r a m ­
e t e r p r o f i l e f o r t h e n e t w o r k . S i n c e r i s k i s o f i n t e r e s t 
h e r e , s u c h a p r o f i l e m a y b e r i s k v e r s u s t i m e o r r i s k v e r s u s 
c o s t . A t o t a l O R / P R O B A B I L I S T I C n e t w o r k i s e x t r e m e l y 
u n l i k e l y . 
A n o t h e r t e c h n i q u e t h a t t h e a n a l y s t c a n t u r n t o i s 
P E R T . P E R T w o u l d r e q u i r e a t o t a l A N D / D E T E R M I N I S T I C n o d e 
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l o g i c n e t w o r k w h o s e f u n c t i o n s w e r e b e t a o r t r i a n g u l a r . 
S i m i l a r l y , a t o t a l A N D / D E T E R M I N I S T I C n e t w o r k w i t h b e t a o r 
t r i a n g u l a r d i s t r i b u t i o n s i s u n l i k e l y . C P M r e q u i r e s e n ­
t i r e l y d e t e r m i n i s t i c l o g i c . C o n s e q u e n t l y , i t s e e m s t h a t 
t h e o n l y p r a c t i c a l w a y t o a s s e m b l e a t o t a l p r o f i l e i s 
t h r o u g h n e t w o r k s i m u l a t i o n . 
N e t w o r k s i m u l a t i o n a c c u m u l a t e s a t o t a l p r o f i l e b y 
i t e r a t i v e l y c o m p u t i n g a n d s e l e c t i n g v a l u e s f r o m e a c h o f t h e 
a r c s o n s u c c e s s i v e p a s s e s t h r o u g h t h e n e t w o r k . I f t i m e 
v e r s u s r i s k i s o f i n t e r e s t , n e t w o r k s i m u l a t i o n w i l l c o m p u t e 
v a l u e s b a s e d o n i n d i v i d u a l a r c t i m e v e r s u s r i s k p r o f i l e s 
o n t h e f i r s t p a s s t h r o u g h t h e n e t w o r k a n d a g g r e g a t e t h e m 
i n t o a t i m e v e r s u s r i s k v a l u e . T h e n e x t i t e r a t i o n w o u l d 
c o m p u t e a n o t h e r t i m e v e r s u s r i s k v a l u e a n d h e n c e , d e v e l o p 
a t o t a l t i m e v e r s u s r i s k p r o f i l e . I t i s a p o w e r f u l t e c h ­
n i q u e w h i c h w i l l a l l o w c o m b i n a t i o n s o f p r o b a b i l i t y a n d 
d e t e r m i n i s t i c v a l u e s w h i c h w o u l d d e f y a n a n l y t i c a l c o m p u ­
t a t i o n . S i n c e c o n s i d e r a b l e c o m p u t a t i o n a l e f f o r t i s r e ­
q u i r e d , n e t w o r k s i m u l a t i o n i s l i m i t e d t o c o m p u t e r a p p l i ­
c a t i o n s . T h e p r o c e s s a c t u a l l y c o n s i s t s o f t h e a n a l y s t 
r e s t r i c t i n g h i s m o d e l t o t h e c l a s s c a p a b l e o f b e i n g m o d e l e d 
b y e x i s t i n g n e t w o r k s i m u l a t i o n p r o g r a m s . T h u s , t h e q u a l i t y 
o f n e t w o r k s i m u l a t i o n i s l i m i t e d o n l y b y r e s o u r c e s a v a i l a b l e 
f o r t h e e f f o r t . S O L V N E T a n d V E R T a r e e x a m p l e s o f e x c e l l e n t 
n e t w o r k s i m u l a t i o n p r o g r a m s w h i c h a r e a v a i l a b l e t o t h e 
a n a l y s t t o e x e r c i s e h i s m o d e l . T h e y a r e t y p i c a l o f t h e 
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p r o g r a m s a v a i l a b l e a n d h a v e b e e n s e l e c t e d f o r f u r t h e r 
a n a l y s i s i n t h i s t h e s i s . 
SOLVNET 
SOLVNET w a s w r i t t e n a n d p r o g r a m m e d i n F o r t r a n IV 
b y S t e p h e n P e r c y i n J a n u a r y 1 9 7 3 . SOLVNET w a s d e s i g n e d t o 
e x t e n d t h e c a p a b i l i t y o f MATHNET s o t h a t a m o r e c o m p l e t e 
a n d a c c u r a t e a n a l y s i s c o u l d b e p e r f o r m e d . N e t w o r k s t r u c ­
t u r e a n d i n p u t / o u t p u t f o r m a t t o SOLVNET a r e p a t t e r n e d a f t e r 
MATHNET s o t h a t u s e r s who w e r e t r a i n e d on a v e r s i o n o f 
MATHNET known a s RISCA c o u l d e a s i l y t r a n s i t i o n t o t h e m o r e 
e x t e n s i v e n e t w o r k l o g i c p r o g r a m . 
As b a c k g r o u n d MATHNET w a s d e v e l o p e d b y M a t h m a t i c a , 
P r i n c e t o n , New J e r s e y f o r u s e b y t h e U . S . Army L o g i s t i c s 
a n d T r a i n i n g C e n t e r (ALMAC) , F o r t L e e , V i r g i n i a . ALMAC i s 
c h a r g e d w i t h t h e r e s p o n s i b i l i t y t o t r a i n Army m a t e r i e l p r o ­
j e c t m a n a g e r s a n d a n a l y s t s i n t h e f u n d a m e n t a l s o f r i s k 
a s s e s s m e n t a n d r i s k a n a l y s i s among o t h e r l o g i s t i c s m a t t e r s . 
RISCA ( R i s k I n f o r m a t i o n S y s t e m a n d C o s t A n a l y s i s ) i s a r e ­
v i s e d MATHNET w i t h i m p r o v e d o u t p u t f o r m a t . S i n c e t h e y a r e 
e s s e n t i a l l y t h e s a m e , t h e m o r e e x t e n s i v e SOLVNET w a s c h o s e n 
a s t h e p r o g r a m t o b e d i s c u s s e d f r o m t h i s f a m i l y o f p r o g r a m s . 
SOLVNET i s d e s i g n e d t o a l l o w o n e t o a n a l y z e s t o c h a s t i c 
n e t w o r k s . S i n c e a r c t i m e s a n d / o r c o s t s c a n b e m o d e l e d p r o b a ­
b i l i s t i c a l l y , M o n t e C a r l o p r o c e d u r e s a r e u s e d t o d e t e r m i n e 
t h e p a t h o r a c t i v i t y v a l u e o f a r a n d o m v a r i a b l e a t e a c h 
i t e r a t i o n . R e p e a t e d i t e r a t i o n s d e v e l o p a s a m p l i n g 
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d i s t r i b u t i o n f o r t e r m i n a l e v e n t s ( N e t w o r k S i m u l a t i o n ) . 
SOLVNET i s e s s e n t i a l l y a t w o - p a r a m e t e r n e t w o r k 
a n a l y s i s t e c h n i q u e . I t h a s b e e n d e s i g n e d t o d e v e l o p t h e 
t i m e d i s t r i b u t i o n o f a d e v e l o p m e n t a l p r o j e c t w i t h m u l t i p l e 
s t o c h a s t i c o r d e t e r m i n i s t i c a c t i v i t i e s w h i c h may b e i n t e r ­
d e p e n d e n t o r i n d e p e n d e n t . T h e c o s t d i s t r i b u t i o n o f a p r o ­
j e c t c a n a l s o b e d e v e l o p e d i n d e p e n d e n t o f t i m e b y p e r f o r m ­
i n g a s e p a r a t e s i m u l a t i o n , o r e s t i m a t e d a s a l i n e a r f u n c t i o n 
o f t i m e i n t h e s a m e s i m u l a t i o n ; i . e . , c o s t = ( f i x e d c o s t ) 
+ ( v a r i a b l e c o s t ) x ( t i m e ) . 
SOLVNET a r c s a r e r e p r e s e n t e d b y a n a m e , t h e n a m e o f 
t h e i n i t i a t i n g n o d e , t h e name o f t h e t e r m i n a t i n g n o d e , a n d 
t h e p r o b a b i l i t y o f t h e a r c b e i n g s u c c e s s f u l o n c e i t h a s 
b e e n i n i t i a t e d . T h e c o s t a s s o c i a t e d w i t h t h i s a r c c a n b e 
e n t e r e d a s a f i x e d c o s t c o m p o n e n t a n d a l i n e a r ( w i t h r e s p e c t 
t o t i m e ) c o s t c o m p o n e n t , o r a s a n y d i s t r i b u t i o n o f c o s t r e ­
l a t e d t o t i m e i n c u m u l a t i v e d i s t r i b u t i o n f o r m . A r c c o m ­
p l e t i o n t i m e s may b e n o r m a l l y , t r i a n g u l a r l y , o r u n i f o r m l y 
d i s t r i b u t e d . I f n o n e o f t h e s e d i s t r i b u t i o n s a r e a p p l i c a b l e 
a n y p r o b a b i l i t y d i s t r i b u t i o n i n c u m u l a t i v e d i s t r i b u t i o n 
f o r m may b e u s e d . SOLVNET a r c ' s t i m e a n d c o s t c o m p u t a t i o n s 
may b e d e p e n d e n t o n t h e r e a l i z a t i o n o f i t s t e r m i n a l n o d e . 
I t s t i m e a n d p r o b a b i l i t y o f s u c c e s s may a l s o b e d e p e n d e n t 
o n t h e r e s u l t s o f a n o t h e r a r c o r n o d e . 
A d e s c r i p t i o n o f SOLVNET n o d e l o g i c i s o u t l i n e d i n 
T a b l e 5 . T h e r e a r e t h r e e b a s i c i n p u t r u l e s a n d t h r e e b a s i c 
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Table 5 . SOLVNET Node Logic Description 
Logic Description 
Input Spl i t Node 
INITIAL Possesses no input arcs, used as a start 
point for the network. (A network may 
have more than one starting point.) 
AND Requires a l l arcs entering th is node to 
be successfully completed before the node 
i s realized. 
OR Only one arc must be successfully com­
pleted before the node i s realized. If 
more than one input arc i s successful the 
arc with the ear l i es t completion time 
s a t i s f i e s the node. 
Output Spl i t Node 
TERMINAL Used to represent a completion point of 
the network. 
ALL All arcs w i l l be simultaneously in i t ia ted 
when the input rule has been sat i s f i ed . 
STOCHASTIC When the input rule has been sa t i s f i ed , 
one output arc wi l l be in i t ia ted on a 
stochastic bas is . All output arcs have 
been assigned a probability of i n i t i a t i o n . 
Special Linked Input/Output 
1/1 BAR N input arcs and N + 1 output arcs. The 
N + 1st arc i s the default arc. OR input 
logic prevails . 
Preferred 1/1 Bar format except that instead of the 
f i r s t successfully completed arc sat i s fy ­
ing the input rule , the most preferred arc 
that i s completed successfully s a t i s f i e s 
the input rule. 
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T a b l e 5 . C o n t i n u e d 
o u t p u t r u l e s f o r s p l i t l o g i c n o d e s . I n a d d i t i o n t o t h e 
b a s i c l o g i c , f o u r u n i t l o g i c n o d e s h a v e b e e n c r e a t e d . 
T h e s e n o d e s may b e d e s c r i b e d a s l i n k e d i n p u t / o u t p u t n o d e s 
w h e r e t h e i n i t i a t i o n o f a r c s e m a n a t i n g f r o m t h e s e n o d e s i s 
t i e d t o t h e r e a l i z a t i o n o f s p e c i f i c i n p u t a r c s . 
Of s p e c i a l i n t e r e s t h e r e i s t h e m o d e l i n g v e r s a t i l i t y 
a f f o r d e d t h e a n a l y s t t h r o u g h t h e u s e r d e f i n e d n o d e s . The 
u s e r may s p e c i f y t h e i n p u t / o u t p u t l i n k b e t w e e n a n y c o m b i ­
n a t i o n o f a r c s i n t e r m s o f a n y c o m b i n a t i o n o f s u c c e s s f u l 
o r u n s u c c e s s f u l i n p u t a r c s . F o r e x a m p l e , i f t h e i n p u t 
a r c s w e r e ONE, TWO, a n d THREE, t h e u s e r c o u l d s p e c i f y t h a t 
i f a r c ONE a n d a r c TWO a r e s u c c e s s f u l a n d THREE a f a i l u r e 
i n i t i a t i v e o u t p u t a r c FOUR, o r i f a r c ONE a n d THREE a r e 
s u c c e s s f u l i n i t i a t e a r c F I V E , o r i f ONE i s s u c c e s s f u l a n d 
TWO a f a i l u r e i n i t i a t e o u t p u t a r c SIX a n d e t c . Any s u c h 
c o m b i n a t i o n o f f i v e i n p u t a r c s may b e l i n k e d t o f i v e o u t p u t 
a r c s . The a n a l y s t may a l s o i n c o r p o r a t e h i s p r e f e r e n c e f o r 
t h e i n i t i a t i o n o f o u t p u t a r c s b y u s i n g t h e u s e r d e f i n e d 
p r e f e r e n c e n o d e l o g i c . 
L o g i c D e s c r i p t i o n 
USER DEFINED P e r m i t s t h e u s e r t o d e f i n e t h e i n p u t a n d 
o u t p u t r u l e s i n t e r m s o f s u c c e s s f u l o r 
u n s u c c e s s f u l c o m b i n a t i o n s o f i n p u t a r c s . 
USER DEFINED Same f o r m a t a s t h e U s e r D e f i n e d n o d e 
PREFERENCE w i t h a d d e d f e a t u r e o f a p r e f e r e n c e o r d e r . 
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The p r i n t e d o u t p u t f r o m SOLVNET p r o v i d e s s t a t i s t i c a l 
i n f o r m a t i o n on t h e e x p e c t e d d u r a t i o n , c o s t , a n d p r o b a b i l i t y 
o f s u c c e s s o f t h e p r o j e c t u n d e r s t u d y . An i n d e x o f c r i t i c a l -
i t y i s p r o v i d e d w h i c h i n d i c a t e s how o f t e n an a r c w a s on t h e 
c r i t i c a l p a t h . A s e t o f t h r e e g r a p h s i s p r o v i d e d f o r e a c h 
t e r m i n a l n o d e , r e q u e s t e d i n t e r n a l n o d e s , a n d a l l t e r m i n a l 
n o d e s c o m b i n e d . The f i r s t g r a p h o f t h e s e t p l o t s c o m p l e ­
t i o n t i m e s v e r s u s p r o b a b i l i t y o f o c c u r r e n c e . The s e c o n d 
p l o t s c o m p l e t i o n c o s t s v e r s u s p r o b a b i l i t y o f o c c u r r e n c e , 
a n d t h e t h i r d p l o t s f r e q u e n c y o f t i m e - c o s t p a i r s . The 
a n a l y s t may a l s o r e q u e s t g a p s t a t i s t i c s f o r s p e c i f i e d n o d e 
p a i r s . T h i s r e q u e s t w i l l y i e l d t w o g r a p h s : t i m e d i f f e r ­
e n c e s v e r s u s p r o b a b i l i t y o f o c c u r r e n c e a n d c o s t d i f f e r e n c e s 
v e r s u s p r o b a b i l i t y o f o c c u r r e n c e . Some e x a m p l e s o f SOLVNET 
o u t p u t a r e i n c l u d e d i n A p p e n d i x I . 
Some s p e c i a l f e a t u r e s o f SOLVNET i n c l u d e t h e c a p a ­
b i l i t y t o c o n d u c t e i t h e r a p r e s e n t v a l u e o r i n f l a t i o n a n a l y ­
s i s . The u s e r s i m p l y i n p u t s t h e t i m e a n d p e r c e n t a g e f a c t o r s 
t o u t i l i z e t h i s f e a t u r e . C a l e n d a r d a t e o u t p u t c a n a l s o b e 
s p e c i f i e d i n SOLVNET. When t h i s f e a t u r e i s u s e d , n e t w o r k 
c o m p l e t i o n d a t e s a r e p r i n t e d on t h e g r a p h s . SOLVNET c a n 
a l s o b e o p e r a t e d i n t h e i n t e r a c t i v e mode a l l o w i n g t h e 
a n a l y s t t o c h a n g e v a l u e s w i t h o u t r e e n t e r i n g t h e e n t i r e 
p r o b l e m . I n t h i s mode i n p u t f o r m a t i n s t r u c t i o n s a r e 
s p e c i f i e d i n a n e a r c o n v e r s a t i o n a l m a n n e r . 
SOLVNET i s a l a r g e c o m p u t e r p r o g r a m . T h e s o u r c e 
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c o d e r e q u i r e s a p p r o x i m a t e l y 1 5 0 , 0 0 0 [8 ] w o r d s o n t h e CDC 
6500 c o m p u t e r . C o n v e r s i o n o f t h i s p r o g r a m t o o t h e r com­
p u t e r s r e q u i r e s t h e u s e r t o r e w r i t e t h e r a n d o m n u m b e r 
g e n e r a t o r . No o t h e r m a j o r p r o b l e m s w e r e e n c o u n t e r e d d u r ­
i n g t h e c o n d u c t o f t h i s r e s e a r c h i n c o n v e r t i n g SOLVNET f o r 
t h e UNIVAC 1108 c o m p u t e r . The p r o g r a m l i m i t s a r e f i x e d b y 
t h e p r o g r a m m e r a n d a r e o u t l i n e d i n T a b l e 6 . F o r t y e r r o r 
m e s s a g e s a r e b u i l t i n t o t h e p r o g r a m t o a s s i s t t h e u s e r i n 
l o c a t i n g m o d e l l o g i c e r r o r s a n d i n p u t f o r m a t e r r o r s . 
T a b l e 6 . SOLVNET P r o g r a m L i m i t a t i o n s 
Maximum Number o f Number 
A r c s 200 
N o d e s 150 
U s e r D e f i n e d N o d e s 50 
A r c s e n t e r i n g o r l e a v i n g a n o d e 10 
p r o b a b i l i t y o u t p u t 5 
u s e r d e f i n e d 5 
I n i t i a l n o d e s 10 
T e r m i n a l n o d e s 3 0 
Gap s t a t i s t i c s n o d e s 5 
I t e r a t i o n s 1 0 0 0 
A r c s w i t h u n i v e r s a l d i s t . 100 
A r c s w i t h c o s t - t i m e d i s t . 100 
A r c s w i t h t i m e d e p e n d e n c y 50 
A r c s w i t h p r o b a b i l i t y d e p e n d e n c y 50 
N o d e s w i t h p r o b a b i l i t y o u t p u t d e p e n d e n c y 25 
Among t h e s i g n i f i c a n t f e a t u r e s o f SOLVNET i s t h e 
a b i l i t y o f t h e u s e r t o d e f i n e t h e i n p u t / o u t p u t l o g i c f o r 
i n t e r n a l n o d e s . A n o t h e r f e a t u r e i s t h e d u a l d e p e n d e n c y 
c o m p u t a t i o n . SOLVNET r e q u i r e s t h e u s e r t o e n t e r s e p a r a t e 
d e p e n d e n c y r e l a t i o n s h i p s i f t h e s p e c i f i e d a r c o r n o d e o n 
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w h i c h t h e a r c i s d e p e n d e n t f a i l s o r i s s u c c e s s f u l . SOLVNET 
i s , h o w e v e r , a o n e - i n d e p e n d e n t - p a r a m e t e r n e t w o r k s i m u l a t i o n 
m o d e l . I f c o s t i s i n d e p e n d e n t o f t i m e , t h e n a s e p a r a t e 
s i m u l a t i o n m u s t b e r u n w i t h c o s t a l o n e . SOLVNET t a c i t l y 
a s s u m e s t h a t i f t h e p r o p e r c o u r s e o f a c t i o n i s d e t e r m i n e d 
t h a t m i n i m i z e s t i m e a n d r e l a t e d c o s t s , t h a t p e r f o r m a n c e 
s t a n d a r d s w i l l b e m e t . T h i s i s c e r t a i n l y n o t t h e c a s e i n 
a l l m a t e r i e l d e v e l o p m e n t a l e f f o r t s . I t i s p o s s i b l e t h a t 
p e r f o r m a n c e i s d e p e n d e n t on c o s t o r t i m e , o r i n d e p e n d e n t o f 
b o t h . To a n a l y z e p e r f o r m a n c e w i t h SOLVNET o r i t s r e l a t i o n ­
s h i p s t o c o s t o r t i m e , a d d i t i o n a l s i m u l a t i o n s w o u l d h a v e t o 
b e r u n . A d d i t i o n a l s i m u l a t i o n s w o u l d a l s o b e r e q u i r e d i f 
c r i t i c a l p a t h a n a l y s i s i s d e s i r e d on o t h e r t h a n t h e t i m e 
p a r a m e t e r . SOLVNET d o e s n o t a l l o w f o r a w e i g h t e d c o m b i ­
n a t i o n o f i t s t w o p a r a m e t e r s i n t h i s a n a l y s i s . The a n a l y s t 
may a l s o e n c o u n t e r m o d e l i n g d i f f i c u l t y . A l t h o u g h d e p e n d e n c y 
r e l a t i o n s h i p s a r e e x t e n s i v e , d e t e r m i n i s t i c t r a n s f o r m a t i o n s 
a r e v e r y l i m i t e d . 
The o u t p u t f o r m a t c a n a l s o h i n d e r t h e m o d e l - b u i l d e r 
a s t h e a v a i l a b l e o p t i o n s u n d e r SOLVNET a r e s o m e w h a t r e ­
s t r i c t i v e . U n l e s s t h e a n a l y s t r e p e a t e d l y s p e c i f i e s o n l y 
o n e i t e r a t i o n h e c a n n o t i t e r a t i v e l y t r a c e t h e f l o w o f 
c o m p u t a t i o n s t h r o u g h t h e n e t w o r k i n o r d e r t o c h e c k t h e 
known r e l a t i o n s h i p s w i t h i n h i s m o d e l . W i t h o u t t h e a i d o f 
t h e p r o g r a m m e r ( g r a c i o u s l y g i v e n d u r i n g t h e c o n d u c t o f t h i s 
t h e s i s ) c h a n g i n g t h e p r o g r a m l i m i t s t o a c c o m m o d a t e a s m a l l e r 
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c o r e s i z e o r a l a r g e r p r o b l e m i s d i f f i c u l t . S t i l l a n o t h e r 
m o d e l i n g d i f f i c u l t y i s t h e l a c k o f COMPARE a n d FILTER 
l o g i c . T h i s c a u s e s p r o b l e m s i n m o d e l i n g k e y p a r a m e t e r s 
i n d e c i s i o n e n v i r o n m e n t s . The VERT p r o g r a m h a s o v e r c o m e 
many o f t h e s e d i f f i c u l t i e s w i t h few a d d i t i o n a l l i m i t a t i o n s . 
VERT 
VERT, an a c r o n y m f o r V e n t u r e E v a l u a t i o n a n d R e v i e w 
T e c h n i q u e , i s a m a t h e m a t i c a l l y o r i e n t e d s i m u l a t i o n n e t w o r k ­
i n g t e c h n i q u e . I t i s u s e d t o a s s i s t m a n a g e m e n t i n t h e 
d e c i s i o n - m a k i n g p r o c e s s i n v o l v i n g r i s k a s s e s s m e n t o f a n 
o n - g o i n g p r o j e c t o r a n y new g o v e r n m e n t o r b u s i n e s s v e n t u r e . 
VERT e n a b l e s t h e u s e r t o c r e a t e a f o u r t h d i m e n s i o n r i s k 
w h i c h i s t h e common m e a s u r e u s e d t o i n t e g r a t e t h e t h r e e 
p r i n c i p l e d i m e n s i o n s o f t i m e , c o s t , a n d p e r f o r m a n c e . W i t h 
t h i s t e c h n i q u e , t i m e , c o s t , a n d p e r f o r m a n c e a r e t h e e x o ­
g e n o u s v a r i a b l e s t h a t c o n t r o l t h e v a l u e s t h e e x o g e n o u s 
v a r i a b l e ' r i s k ' a s s u m e s . 
The m o s t s i g n i f i c a n t a d v a n t a g e o f t h e VERT p r o g r a m 
i s t h e c a p a b i l i t y o f t h e a n a l y s t t o m o d e l t i m e , c o s t , a n d 
p e r f o r m a n c e v a l u e s f o r e a c h a c t i v i t y , j o i n t l y o r s i n g u l a r l y , 
a s a f u n c t i o n o f o t h e r t i m e , c o s t , a n d p e r f o r m a n c e p a r a m ­
e t e r s i n t h e n e t w o r k o r a s s t o c h a s t i c v a r i a b l e s . To a i d i n 
t h i s m o d e l i n g v e r s a t i l i t y VERT h a s t w e n t y - t w o t r a n s f o r m a ­
t i o n s t o e x p r e s s t h e r e l a t i o n s h i p s among k e y v a r i a b l e s . 
The t r a n s f o r m a t i o n s a r e l i s t e d i n T a b l e 7 ; h o w e v e r , i t 
s h o u l d b e n o t e d t h a t a n y o f t h e q u a n t i t i e s s , y , o r z may 
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b e v a l u e s o f p a r a m e t e r s c o m p u t e d e l s e w h e r e i n t h e n e t w o r k . 
T a b l e 7 . VERT T r a n s f o r m a t i o n s 
T r a n s f o r m a t i o n R e s t r i c t i o n s 
X*Y*Z — R 
(X*Y)/Z = R Z NE 0 . 0 
X/ (Y*Z) = R Y*Z NE 0 . 0 
X+Y+Z = R 
1/(X*Y*Z) — R X*Y*Z NE 0 . 0 
X+Y-Z = R 
X-Y-Z = R 
-X-Y-Z — R 
X*(Y+Z) — R 
X*(Y-Z) = R 
X/(Y+Z) = R Y+Z NE 0 . 0 
X / ( Y - Z ) = R Y-Z NE 0 . 0 
X * ( Y ) Z = R Y GT 0 . 0 
X*LOG E(Y*Z) R Y*Z GT 0 . 0 
X*LOG 1 Q (Y*Z) = R Y*Z GT 0 . 0 
X * ( S I N ( Y * Z ) ) R 
X*(COS(Y*Z)) -• R 
X*(ARCTAN(Y* Z)) = R 
X GE Y — Z = R 
X LT Y Y = R 
X GE Y Y = R 
X LT Y • Z = R 
X GE Y - Z = R 
X LT Y X = R 
X GE Y — X = R 
X LT Y Z = R 
The s t o c h a s t i c v a l u e s o f t h e a c t i v i t y may b e e x p r e s s e d 
i n a n y o f f o u r t e e n p r o b a b i l i t y d i s t r i b u t i o n s e m b e d d e d i n t h e 
p r o g r a m . T h e s e a r e t h e c o n s t a n t , u n i f o r m , t r i a n g u l a r , n o r ­
m a l , l o g n o r m a l , gamma, w e i b u l l , e r l a n g , e x p o n e n t i a l , C h i 
s q u a r e , b e t a , p o i s s o n , P a s c a l l , g e o m e t r i c , b i n o m i a l , o r 
h y p e r g e o m e t r i c d i s t r i b u t i o n s . I f n o n e o f t h e s e a r e 
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a p p r o p r i a t e , a n y d i s t r i b u t i o n may b e e n t e r e d i n h i s t o ­
g r a m f o r m . 
I n VERT n o d e s a n d a r c s a r e s i m i l a r i n t h a t b o t h h a v e 
t i m e , c o s t , a n d p e r f o r m a n c e a t t r i b u t e s . The a r c s j u s t d i s ­
c u s s e d h a v e a p r i m a r y s e t o f t i m e , c o s t a n d p e r f o r m a n c e 
v a l u e s c o m p u t e d s p e c i f i c a l l y f o r t h e a c t i v i t y t h a t a r c r e p r e ­
s e n t s a n d a c u m u l a t i v e s e t o f v a l u e s r e p r e s e n t i n g t h e t o t a l 
t i m e e x p e n d e d , c o s t i n c u r r e d , a n d p e r f o r m a n c e g e n e r a t e d t o 
p r o c e s s t h e n e t w o r k t o t h a t p o i n t . N o d e s h a v e o n l y cumu­
l a t i v e v a l u e s . 
L i k e SOLVNET, VERT h a s t w o t y p e s o f n o d e s . The 
m o s t common n o d e h a s s p l i t l o g i c w h i c h c o n t a i n s c o m p o s i t e 
t y p e s o f i n p u t a n d o u t p u t l o g i c . The o t h e r VERT n o d e h a s 
u n i t l o g i c w h o s e l i n k e d i n p u t a n d o u t p u t a r c s a r e i n i t i a t e d 
b y t h e s p e c i f i e d l o g i c o f t h e n o d e a n d t h e w e i g h t s a s s i g n e d 
b y t h e u s e r . T a b l e 8 d e s c r i b e s VERT n o d e l o g i c . 
Some c a u t i o n s a r e i n o r d e r when s p e c i f y i n g n o d e 
l o g i c f o r t h e VERT p r o g r a m . A r c s e m a n a t i n g f r o m s p l i t n o d e 
l o g i c w h o s e i n p u t r u l e i s n o t s a t i s f i e d a r e e l i m i n a t e d f r o m 
t h e n e t w o r k , h e n c e u s i n g OR i n p u t l o g i c a n d c o s t p r u n i n g 
o p t i o n s i n l i e u o f PAND may e l i m i n a t e n e e d e d a r c s f r o m t h e 
n e t w o r k a n d r e d u c e c u m u l a t i v e c o s t a n d p e r f o r m a n c e p a r a m ­
e t e r s . The s p l i t l o g i c n o d e a c c u m u l a t e s time, c o s t , a n d 
p e r f o r m a n c e v a l u e s f o r a l l s u c c e s s f u l i n p u t a r c s a n d t r a n s ­
f e r s t h i s t o t a l t o e a c h o f i t s i n i t i a t e d o u t p u t a r c s . 
COMPARE a n d PREFERRED n o d e s d i f f e r i n t h i s r e s p e c t a n d w i l l 
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T a b l e 8 . VERT Node L o g i c D e s c r i p t i o n s 
L o g i c D e s c r i p t i o n Symbo l Comments 
I n p u t 
INITIAL 
AND 
INITIAL i n p u t l o g i c s e r v e s 
a s a s t a r t p o i n t f o r t h e 
n e t w o r k . M u l t i p l e i n i t i a l 
n o d e s may b e u s e d . 
R e q u i r e s a l l i n p u t a r c s t o 
b e s u c c e s s f u l l y c o m p l e t e d 
b e f o r e t h e n e t w o r k f l o w 
c a n c o n t i n u e t h r o u g h t h i s 








PAND N e a r l y t h e same a s AND 
l o g i c , e x c e p t i t r e q u i r e s 
a minimum o f o n e i n p u t a r c 
t o b e s u c c e s s f u l l y com­
p l e t e d b e f o r e a l l o w i n g 
f l o w t o c o n t i n u e t h r o u g h 





OR N e a r l y t h e same a s PAND 
e x c e p t i t o n l y a c c u m u ­
l a t e s t i m e , c o s t , a n d 
p e r f o r m a n c e v a l u e s f o r t h e 
a r c h a v i n g minimum t i m e . 
O u t p u t 
TERM 
ALL 
End p o i n t f o r t h e n e t w o r k , 
S i m u l t a n e o u s l y i n i t i a t e s 
t h e p r o c e s s i n g o f a l l t h e 
o u t p u t a r c s 
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T a b l e 8 . C o n t i n u e d 
L o g i c D e s c r i p t i o n Symbol Comments 
MC I n i t i a t e s t h e p r o c e s s i n g o f 
o n e a n d o n l y o n e o u t p u t a r c — j 
p e r s i m u l a t i o n i t e r a t i o n v i a - | 
t h e u s e o f M o n t e C a r l o 
m e t h o d s . 





I n i t i a t e s o n e o r a m u l t i p l e 
n u m b e r o f o u t p u t a r c s d e ­
p e n d i n g o n j o i n t l y o r s i n g u - J 
l a r l y s a t i s f y i n g t i m e a n d / o r 
c o s t a n d / o r p e r f o r m a n c e 
( T + / C + / P ) b o u n d a r i e s . 
I n i t i a t e s o u t p u t a r c s b a s e d 
on u p p e r a n d l o w e r b o u n d s 
p l a c e d on t h e n u m b e r o f 
s u c c e s s f u l i n p u t a r c s . 
I n i t i a t e s o u t p u t a r c s b a s e d 
on e a r l i e r s u c c e s s f u l o r 

















U n i t 
COMPARE S e l e c t s t h e o p t i m a l o u t p u t 
a r c s e t f o r p r o c e s s i n g v i a 
w e i g h t s e n t e r e d f o r t i m e , 
c o s t , a n d p e r f o r m a n c e . 
PREFERRED G i v e s p r e f e r e n c e t o i n ­
p u t / o u t p u t a r c c o m b i ­
n a t i o n s a s s p e c i f i e d b y 
t h e u s e r . 
COMP 
DEFALT ARC 
A r c s e m a n a t i n g f rom n o d e s w i t h s p l i t l o g i c w i l l b e 
e l i m i n a t e d f r o m f u r t h e r c o n s i d e r a t i o n f o r a g i v e n i t e r a t i o n 
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T a b l e 8 . C o n t i n u e d 
when a n d o n l y when t h e i n p u t l o g i c c a n n o t b e s u c c e s s f u l l y 
e x e c u t e d . The c u m u l a t i v e t i m e , c o s t , a n d p e r f o r m a n c e 
v a l u e s a s s i g n e d t o i n i t i a t e d o u t p u t a r c s e m a n a t i n g f r o m a 
s p l i t l o g i c n o d e c o n s i s t s o f t h e sum o f t h e t i m e , c o s t , 
a n d p e r f o r m a n c e v a l u e s d e r i v e d f o r t h o s e a c t i v i t i e s p l u s 
t h e t i m e , c o s t , a n d p e r f o r m a n c e v a l u e s c o m p u t e d f o r t h e 
a r c ' s i n p u t n o d e . 
2 
MC a r c s a r e i n i t i a t e d r a n d o m l y v i a u s e r d e v e l o p e d 
p r o b a b i l i t y w e i g h t s p l a c e d on t h e o u t p u t a r c s . M u l t i p l e 
s e t s o f p r o b a b i l i t y w e i g h t s may b e e n t e r e d f o r t h e p u r p o s e 
o f c o n d i t i o n a l l y r a n d o m l y i n i t i a t i n g t h e o u t p u t a r c . T h e s e 
s e t s o f p r o b a b i l i t y w e i g h t s a r e s e p a r a t e d b y t i m e o r c o s t 
o r p e r f o r m a n c e ( T / C / P ) b o u n d a r i e s . 
3 
FLT1 b o u n d a r i e s may b e d i f f e r e n t T + / C + / P f o r e a c h 
o u t p u t a r c . T h e s e b o u n d a r i e s may o v e r l a p o r b e d i s c o n ­
t i n u o u s f o r s e p a r a t e o u t p u t a r c s . FLTl h a s a n o p t i o n a l 
f e a t u r e c a l l e d t h e s u b t r a c t i o n f e a t u r e . T h i s f e a t u r e e n ­
a b l e s t e m p o r a r i l y a l t e r i n g t h i s n o d e ' s T + / C + / P p r i o r t o 
r e v i e w i n g t h e o u t p u t a r c ' s c o n s t r a i n t s . T h i s a l t e r a t i o n 
c o n s i s t s o f t e m p o r a r i l y s u b t r a c t i n g v i a a b s o l u t e a r i t h m e t i c 
t h e T + / C + / P o f a d e s i g n a t e d p r e v i o u s l y p r o c e s s e d n o d e f r o m 
t h i s n o d e ' s T + / C + / P -
4 
T h e s e n o d e s h a v e i n p u t a r c s e a c h m a t e d w i t h a 
s i n g l e o u t p u t a r c t o e n a b l e d i r e c t t r a n s m i s s i o n o f t h e 
n e t w o r k f l o w f r o m a g i v e n i n p u t a r c t o a g i v e n o u t p u t a r c . 
The n u m b e r o f o u t p u t a r c s r e q u e s t e d c a n b e s p e c i f i e d on a 
d e s i r e d o r r e q u i r e d b a s i s . 
5 . . 
I f p o s i t i v e w e i g h t s a r e e n t e r e d , t h e o p t i m a l s e t 
c o n s i s t s o f t h o s e o u t p u t a r c s w h o s e c o r r e s p o n d i n g i n p u t 
a r c s h a v e t h e b e s t w e i g h t e d c o m b i n a t i o n o f minimum c u m u l a ­
t i v e t i m e a n d c o s t a n d maximum c u m u l a t i v e p e r f o r m a n c e . 
N e g a t i v e w e i g h t s may b e e n t e r e d . COMPARE a n d PREFERRED 
n o d e l o g i c a r e e s p e c i a l l y u s e f u l f o r s t r u c t u r i n g m a j o r 
command o r b o a r d o f d i r e c t o r t y p e d e c i s i o n s . 
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o n l y t r a n s f e r t h e a c c u m u l a t e d t i m e , c o s t , a n d p e r f o r m a n c e 
v a l u e s f o r i t s l i n k e d i n p u t a r c t o i n d i v i d u a l l i n k e d o u t ­
p u t a r c s . A l t h o u g h VERT i s r e l a t i v e l y u n c o m p l i c a t e d , t h e 
u s e r c a n s a v e many h o u r s a n d t r i a l c o m p u t e r r u n s b y a c a r e ­
f u l s t u d y o f VERT n o d e l o g i c . I t s h o u l d b e n o t e d t h a t t h e 
a d d i t i o n o f COMPARE a n d FILTER l o g i c i n c r e a s e s t h e u s e r ' s 
c a p a b i l i t y t o m o d e l t h e r e a l w o r l d d e c i s i o n e n v i r o n m e n t . 
T h e VERT p r o g r a m e n a b l e s t h e u s e r t o s p e c i f y t h e 
w e i g h t s a s s i g n e d t o p e r f o r m a n c e , c o s t , a n d t i m e w h e n d e t e r ­
m i n i n g b o t h t h e o p t i m a l - t e r m i n a l n o d e a n d t h e c r i t i c a l p a t h 
t h r o u g h t h e n e t w o r k . P o s i t i v e w e i g h t s w i l l s e l e c t t h e t e r m i ­
n a l n o d e w i t h t h e s m a l l e s t t i m e a n d c o s t a n d b e s t p e r f o r m ­
a n c e . P o s i t i v e w e i g h t s a s s i g n e d t o t h e c r i t i c a l p a t h 
a n a l y s i s w o u l d s e l e c t t h e p a t h w i t h t h e l o n g e s t t i m e , 
l a r g e s t c o s t , a n d l e a s t p e r f o r m a n c e . N e g a t i v e w e i g h t s a r e 
p e r m i t t e d , b u t m i x e d p o s i t i v e a n d n e g a t i v e v a l u e s a r e n o t 
p e r m i t t e d . A p a r t o f t h e o u t p u t s e l e c t i o n f o r VERT p e r m i t s 
t h e u s e r t o v i e w t h e c r i t i c a l p a t h i n e a c h i t e r a t i o n o r i n 
t a b u l a r f o r m v i a a n i n d e x o f a r c s a n d n o d e s o n t h e c r i t i c a l -
o p t i m u m p a t h . 
T h e o u t p u t o p t i o n s a n d d a t a g e n e r a t e d b y VERT a r e 
e x t e n s i v e , a n d a r e p e r h a p s o n e o f t h e m o s t i m p o r t a n t r e a s o n s 
w h y t h i s p r o g r a m i s s o u s e f u l i n n e t w o r k a n a l y s i s . F o r e a c h 
t e r m i n a l n o d e , t h e c o m p o s i t e t e r m i n a l n o d e , r e q u e s t e d i n ­
t e r n a l n o d e s , a n d i n t e r n a l i n t e r v a l s t i m e , c o s t , a n d p e r ­
f o r m a n c e r e s u l t s a r e p r i n t e d a s f o l l o w s : 
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1 . R e l a t i v e f r e q u e n c y d i s t r i b u t i o n . 
2 . C u m u l a t i v e f r e q u e n c y d i s t r i b u t i o n ( o g i v e ) . 
3 . Mean o b s e r v a t i o n . 
4 . S t a n d a r d e r r o r ( s t a n d a r d d e v i a t i o n o f t h e s a m p l e ) . 
5 . C o e f f i c i e n t o f v a r i a t i o n . 
6 . Mode . 
7 . B e t a 2 m e a s u r e o f k u r t o s i s . 
8 . P e a r s o n i a n m e a s u r e o f s k e w n e s s . 
A d d i t i o n a l l y , t i m e / c o s t , t i m e / p e r f o r m a n c e , a n d p e r f o r m a n c e / 
c o s t c o r r e l a t i o n s a r e g r a p h e d f o r a l l t e r m i n a l n o d e s i n c l u d ­
i n g t h e c o m p o s i t e t e r m i n a l n o d e . Some o t h e r f o r m s o f o u t p u t 
i n c l u d e : 
1 . A l i s t i n g o f m a j o r v a r i a b l e s t o r a g e a r r a y s . 
2 . A l i s t i n g o f a l l f l o w - c a r r y i n g a r c s a n d n o d e s 
r e a l i z e d e a c h i t e r a t i o n . 
3 . A o n e - l i n e summary l i s t i n g o f t h e r e s u l t s o f 
e a c h i t e r a t i o n . 
4 . A l i s t i n g o f t h e m e a n , minimum a n d maximum f o r 
t h e t i m e , p a t h c o s t , o v e r a l l c o s t , a n d p e r f o r m a n c e 
f o r e a c h t e r m i n a l a n d r e q u e s t e d i n t e r n a l n o d e s . 
5 . T i m e , p a t h c o s t , a n d p e r f o r m a n c e c o r r e l a t i o n s . 
6 . A l i s t i n g o f t h e o p t i m a l t e r m i n a l n o d e i n d e x a n d 
an a c c o m p a n y i n g a r c s a n d n o d e s c r i t i c a l - o p t i m u m 
p a t h i n d e x . 
T h i s l a r g e q u a n t i t y o f o u t p u t i n f o r m a t i o n m a k e s i t 
p o s s i b l e f o r t h e a n a l y s t t o make an i n - d e p t h r e v i e w o f t h e 
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m o d e l a n d s e n s i t i v i t y o f t h e d a t a s t r u c t u r e d w i t h i n i t . 
The a d d i t i o n o f t h e c o e f f i c i e n t o f v a r i a t i o n , b e t a 2 m e a ­
s u r e o f k u r t o s i s , a n d P e a r s o n ' s m e a s u r e o f s k e w n e s s p e r m i t s 
t h e a n a l y s t t o c o m p a r e d i s t r i b u t i o n s m o r e p r e c i s e l y . The 
c o e f f i c i e n t o f v a r i a t i o n i s a d i m e n s i o n l e s s m e a s u r e o f 
d i s p e r s i o n ( s t a n d a r d d e v i a t i o n / m e a n ) . I n c r e a s i n g v a l u e s 
f o r t h e c o e f f i c i e n t o f v a r i a t i o n i n d i c a t e i n c r e a s i n g d i s ­
p e r s i o n . P e a r s o n ' s m e a s u r e o f s k e w n e s s ( ( m e a n - m o d e ) / 
s t a n d a r d d e v i a t i o n ) p r o v i d e s a c o m p a r i s o n o f c e n t r a l 
t e n d e n c y . A b s o l u t e v a l u e s f o r P e a r s o n ' s s t a t i s t i c t h a t a r e 
l e s s t h a n o n e i m p l y t h a t t h e d i s t r i b u t i o n i s n o t m a r k e d l y 
s k e w e d . The t h i r d c o m p a r i s o n m e a s u r e o f t h e d i s t r i b u t i o n 
p r o v i d e d i n VERT i s i t s p e a k e d n e s s o r k u r t o s i s . The b e t a 2 
m e a s u r e o f k u r t o s i s ( f o u r t h moment a b o u t t h e m e a n / s t a n d a r d 
d e v i a t i o n ) f o r t h e s t a n d a r d n o r m a l d i s t r i b u t i o n i s t h r e e . 
E x a m p l e s o f VERT o u t p u t a r e i n c l u d e d i n A p p e n d i x I I . 
VERT a l s o h a s t h e c a p a b i l i t y o f p r e s e n t v a l u e a n a l y ­
s i s . As i n SOLVNET, t h e a n a l y s t i n p u t s a t i m e f a c t o r a n d 
t h e i n t e r e s t r a t e f o r t h e a n a l y s i s . A n o t h e r s i g n i f i c a n t 
f e a t u r e o f VERT i s t h e a c c o m p a n y i n g a u x i l i a r y p r o g r a m s . 
A r e d i m e n s i o n i n g p r o g r a m i s a v a i l a b l e w h i c h p u n c h e s new 
p r o g r a m c a r d s f o r t h e VERT s o u r c e p r o g r a m . T h i s a l l o w s 
t h e u s e r t o e a s i l y c o n t r a c t o r e x p a n d t h e c a p a b i l i t y o f 
VERT t o f i t a s m a l l e r c o r e c o m p u t e r o r a l a r g e r n e t w o r k 
a p p l i c a t i o n . A s e c o n d p r o g r a m p r o v i d e s t h e u s e r w i t h a 
l i s t o f t h e VERT s o u r c e p r o g r a m . E r r o r c h e c k i n g w i t h i n t h e 
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p r o g r a m i s e x t e n s i v e t o s a y t h e l e a s t . One h u n d r e d f o r t y -
s i x e r r o r m e s s a g e s a r e e m b e d d e d i n t h e p r o g r a m a n d l i s t e d 
i n t h e o p e r a t i n g i n s t r u c t i o n s . VERT a l s o i n c l u d e s a c o s t -
p r u n i n g o p t i o n . A r c s i n t h e s t r e a m o f a n e t w o r k p a t h 
g o i n g i n t o OR l o g i c a n d COMPARE l o g i c n o d e s a n d o t h e r a r c s 
may b e o n l y p a r t i a l l y c o m p l e t e d o r may n e v e r s t a r t p r o c e s s ­
i n g p r i o r t o t h e c o m p l e t i o n o f t h e s i m u l a t i o n . VERT i s 
s t r u c t u r e d t o f u l l y o r p a r t i a l l y c o s t t h o s e a c t i v i t i e s 
p a r t i a l l y c o m p l e t e d a n d e n a b l e s p r u n i n g f r o m c o s t i n g t h o s e 
a c t i v i t i e s n o t s t a r t e d . 
T h e VERT p r o g r a m w a s w r i t t e n f o r t h e I B M 3 6 0 / 6 5 
c o m p u t e r i n F o r t r a n I V . I t i s e s s e n t i a l l y a b a t c h - o r i e n t e d 
s y s t e m w i t h u n i q u e p u n c h c a r d o p t i o n s . T h e u s e r i s r e q u i r e d 
t o m o d i f y r e a d s t a t e m e n t s a n d t h e r a n d o m n u m b e r g e n e r a t o r 
p r i o r t o c o n v e r s i o n t o a d i f f e r e n t c o m p u t e r . D u r i n g c o n ­
v e r s i o n o f t h i s p r o g r a m , a l o g i c d i f f e r e n c e w a s e n c o u n t e r e d 
w h i c h d i d n o t a p p e a r i n t h e o r i g i n a l c o m p u t e r . E s s e n t i a l l y , 
i t i n v o l v e d t h e c r e a t i o n o f a gamma v a r i a t e b y s u c c e s s i v e l y 
m u l t i p l y i n g r a n d o m n u m b e r s a n d t h e n t a k i n g t h e l o g a r i t h m 
o f t h e r e s u l t s . On t h e s m a l l e r - b i t U N I V A C 1 1 0 8 c o m p u t e r 
r e p e a t e d m u l t i p l i c a t i o n o f r a n d o m n u m b e r s l e s s t h a n o n e 
r e s u l t e d i n a q u a n t i t y n e a r z e r o . A t t e m p t i n g t o t a k e t h e 
l o g a r i t h m o f t h i s q u a n t i t y r e s u l t e d i n a n e r r o r . T h i s 
d i f f i c u l t y w a s c o r r e c t e d b y s u c c e s s i v e l y a d d i n g t h e l o g a ­
r i t h m s o f r a n d o m n u m b e r s . T h e l i n e n u m b e r m o d i f i c a t i o n s 
o f t h e s o u r c e p r o g r a m a r e l i s t e d i n A p p e n d i x I I I . 
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E v e n w i t h t h e i m p r e s s i v e l i s t o f t r a n s f o r m a t i o n s a n d 
d i s t r i b u t i o n s , V E R T i s n o t w i t h o u t l i m i t a t i o n s . T h e b a s i c 
p r o g r a m l i m i t a t i o n s a r e l i s t e d i n T a b l e 9 . E s s e n t i a l l y , 
t h e r e i s d i f f i c u l t y i n a p p l y i n g s o m e o f t h e t r a n s f o r m a t i o n s , 
s i n c e V E R T r e q u i r e s t h a t t h e a r c o r n o d e o n w h i c h t r a n s f o r ­
m a t i o n s a r e b a s e d b e s u c c e s s f u l . N o p r o v i s i o n i s m a d e f o r 
a t r a n s f o r m a t i o n o f t h e d a t a i f t h e t h e a r c o r n o d e o n w h i c h 
t h e t r a n s f o r m a t i o n i s b a s e d i s a f a i l u r e o r i s e l i m i n a t e d 
f r o m t h e n e t w o r k . T h e r e i s n o p r o v i s i o n i n V E R T f o r t h e 
u s e r t o s p e c i f y t h e l o g i c f o r a n o d e a s m e n t i o n e d e a r l i e r 
i n S O L V N E T ; h o w e v e r , F I L T E R n o d e l o g i c u s e d i n c o m b i n a t i o n 
w i l l y i e l d n e a r l y t h e s a m e r e s u l t s . 
T a b l e 9 . V E R T P r o g r a m L i m i t a t i o n s 
M a x i m u m N u m b e r o f M i n i m u m M a x i m u m 
1 . I t e r a t i o n s >0 < 1 0 0 , 0 0 0 
2 . A r c s >0 < 1 0 , 0 0 0 
3 . N o d e s >o < 1 0 , 0 0 0 
4 . I n t e r n a l H i s t o g r a m s A l l o w e d >0 < 100 
5 . T e r m i n a l N o d e H i s t o g r a m s >0 < 1 , 0 0 0 
6 . A r r a y S t o r a g e >o < 1 0 0 , 000 
A C o m p a r i s o n 
I t i s i n s t r u c t i v e t o e x a m i n e a s u m m a r y o f t h e d i f f e r -
e n c e s . T a b l e 10 p r o v i d e s a c o m p a r i s o n o f m a n y o f t h e 
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T a b l e 1 0 . S O L V N E T / V E R T P r o g r a m C o m p a r i s o n 
I t e m SOLVNET VERT 
A r c 
R e p r e s e n t a t i o n 
S t o c h a s t i c F o u r d i s t r i b u t i o n s 
i n c l u d i n g a c u m u l a t i v e 
h i s t o g r a m f o r m a t . 
E l e v e n d i s t r i b u t i o n s 
i n c l u d i n g a h i s t o ­
g r a m f o r m a t . 
D e t e r m i n ­
i s t i c 
O n e t r a n s f o r m a t i o n . T w e n t y - t w o t r a n s ­
f o r m a t i o n s . 
N o d e L o g i c 1 / 1 B a r , P r e f e r r e d , 
a n d U s e r D e f i n e d n o d e 
l o g i c a v a i l a b l e i n 
a d d i t i o n t o b a s i c 
s p l i t n o d e l o g i c . 
C o m p a r e , P r e f e r e n c e , 
a n d r e s t r i c t i v e F i l t 
l o g i c a v a i l a b l e i n 
a d d i t i o n t o b a s i c 
s p l i t n o d e l o g i c . 
O u t p u t L i m i t e d t o f i x e d s e t s 
o f g r a p h s w i t h n o 
o p t i o n s . 
A l l o w s t h e u s e r t o 
s e l e c t o n e o f f o u r 
p o s s i b l e e x t e n s i v e 
o u t p u t c o m b i n a t i o n s . 
C o m p a r i s o n 
S t a t i s t i c s 
M e a n , m o d e , m e d i a n , 
a n d s t a n d a r d d e v i ­
a t i o n . 
M e a n , m o d e , s t a n d a r d 
d e v i a t i o n , c o e f f i ­
c i e n t o f v a r i a t i o n , 
b e t a 2 m e a s u r e o f 
k u r t o s i s , a n d P e a r -
s o n i a n m e a s u r e o f 
s k e w n e s s . 
E r r o r C h e c k s G o o d . E x t e n s i v e . 
S e n s i t i v i t y 
A n a l y s i s 
P r e s e n t v a l u e a n d 
i n f l a t i o n a n a l y s i s . 
P r e s e n t v a l u e a n a l y ­
s i s o n l y . 
A r c a n d N o d e 
D e p e n d e n c y 
R e l a t i o n s h i p s 
E x c e l l e n t . D o e s n o t p r o v i d e f o r 
a c o m p u t a t i o n o f a r c 
o r n o d e o n w h i c h 
c o m p u t a t i o n i s b a s e d 
i s a f a i l u r e . 
V a r i a b l e s O n e d e p e n d e n t a n d 
o n e i n d e p e n d e n t 
v a r i a b l e . 
A n y c o m b i n a t i o n o f 
t h r e e d e p e n d e n t o r 
i n d e p e n d e n t v a r i ­
a b l e s . 
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T a b l e 1 0 . C o n t i n u e d 
I t e m SOLVNET VERT 
P r o b l e m S i z e F i x e d b y t h e p r o ­ A r e d i m e n s i o n c a p a ­
L i m i t a t i o n s g r a m m e r . b i l i t y p r o v i d e d b y 
a n a u x i l i a r y p r o ­
g r a m . 
O p e r a t i o n 
I n s t r u c t i o n s Good E x c e l l e n t 
d i f f e r e n c e s i n t h e t w o p r o g r a m s . A l t h o u g h t h e a n a l y s t c a n 
u s e e i t h e r p r o g r a m t o a g g r e g a t e t i m e , c o s t , a n d p e r f o r m a n c e 
p r o f i l e s , VERT p r o v i d e s a s u b s t a n t i a l l y b e t t e r o u t p u t . T h e 
u s e r i s a l s o p r o v i d e d w i t h a n i n c r e a s e d m o d e l i n g c a p a b i l i t y 
t h r o u g h COMPARE a n d F I L T E R n o d e l o g i c , a m o r e a c c u r a t e 
r e p r e s e n t a t i o n o f d a t a t h r o u g h a n e x t e n s i v e l i s t o f t r a n s ­
f o r m a t i o n s a n d p r o b a b i l i t y d i s t r i b u t i o n s , a n d a n i n d e ­
p e n d e n t s i m u l t a n e o u s a c c u m u l a t i o n o f t h e t h r e e p a r a m e t e r s 
c o s t , t i m e , a n d p e r f o r m a n c e w i t h f e w e r l i m i t a t i o n s . VERT 
h a s b e e n c h o s e n , t h e n , a s t h e v e h i c l e t o m o d e l " r i s k i n t h e 
d e s i g n a n d c o n d u c t o f a n o p e r a t i o n a l t e s t i n t h e r e m a i n d e r 
o f t h i s t h e s i s . 
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CHAPTER I V 
RISK ASSESSMENT AND TEST DESIGN 
I n t r o d u c t i o n 
To t h i s p o i n t r i s k a s s e s s m e n t a n d r i s k a n a l y s i s h a v e 
b e e n d i s c u s s e d a n d d e f i n e d a n d n e t w o r k s i m u l a t i o n h a s b e e n 
s e l e c t e d a s t h e t o o l t o u s e i n t h e a g g r e g a t i o n o f a t o t a l 
r i s k a s s e s s m e n t p r o f i l e . VERT h a s b e e n s e l e c t e d a s t h e n e t ­
w o r k s i m u l a t i o n m o d e l t o c o n d u c t a r i s k a s s e s s m e n t a n d r i s k 
a n a l y s i s . T h e d e t a i l s o f how VERT a s s e s s r i s k w i l l now b e 
o u t l i n e d i n t e r m s o f i t s u s e f u l n e s s i n a n o p e r a t i o n a l t e s t 
d e s i g n a n d e v a l u a t i o n . 
R i s k A s s e s s m e n t 
VERT w a s d e v e l o p e d a n d d e s i g n e d a s a r i s k a s s e s s m e n t 
t o o l f o r a t o t a l m a t e r i a l d e v e l o p m e n t p r o g r a m . A n e t w o r k 
s t r u c t u r e d t o r e p r e s e n t s u c h a p r o g r a m w o u l d p r o b a b l y c o n ­
s i s t o f t w o p o s s i b l e s e t s o f o u t c o m e s . T h o s e t e r m i n a l 
e v e n t s i n d i c a t i n g s u c c e s s w o u l d f a l l i n t o o n e s e t a n d t h o s e 
i n d i c a t i n g f a i l u r e w o u l d f a l l i n t o a n o t h e r s e t . H e r e , t h e 
p r o b a b i l i t y o f a s u c c e s s f u l d e v e l o p m e n t i s t h e sum o f t h e 
p e r c e n t o f t i m e s e a c h s u c c e s s f u l e v e n t w a s s e l e c t e d . A f a r 
e a s i e r m e t h o d w o u l d b e t o m o d e l t h e n e t w o r k i n t o e i t h e r 
t o t a l p r o j e c t s u c c e s s o r t o t a l p r o j e c t f a i l u r e t e r m i n a l 
e v e n t s . I n e i t h e r c a s e VERT p r i n t s o u t a b a r g r a p h o f t h e 
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o p t i m a l - t e r m i n a l n o d e i n d e x . I t i s t h r o u g h t h e u s e o f t h i s 
p r i n t o u t t h a t t h e p r o j e c t r i s k c a n b e a s c e r t a i n e d . 
A t t h i s p o i n t i t i s u s e f u l t o r e c a l l t h e d e f i n i t i o n 
o f r i s k . R i s k i s t h e p r o b a b i l i t y t h a t a p r o j e c t w i l l n o t 
b e c o m p l e t e d w i t h i n s p e c i f i e d t i m e , c o s t , a n d p e r f o r m a n c e 
c o n s t r a i n t s . V E R T p e r m i t s t h e s e l e c t i o n o f t h i s o p t i m u m 
t e r m i n a l n o d e b y t h e b e s t w e i g h t e d c o m b i n a t i o n o f t h e s e 
f a c t o r s . N o r m a l l y , t h e m o s t s u c c e s s f u l t e r m i n a l e v e n t 
w o u l d b e t h e o n e w i t h t h e s h o r t e s t t i m e , s m a l l e s t c o s t , a n d 
b e s t p e r f o r m a n c e . I n d i v i d u a l a c t i v i t y t i m e , c o s t , a n d p e r ­
f o r m a n c e v a l u e s a r e s t r u c t u r e d w i t h i n t h e n e t w o r k ; h e n c e , 
V E R T p e r m i t s o n e t o a s s e s s t h e r i s k d i r e c t l y f r o m t h e p e r ­
c e n t a g e o f t i m e s i n t h e i t e r a t i v e s i m u l a t i o n t h a t t h e s e t 
o f f a i l u r e t e r m i n a l n o d e s w e r e r e a l i z e d . I n a n e t w o r k c o n ­
s i s t i n g o f o n l y a s u c c e s s a n d a f a i l u r e n o d e , r i s k w o u l d b e 
r e a d d i r e c t l y f r o m t h e V E R T o p t i m a l - t e r m i n a l n o d e b a r c h a r t 
a s t h e p e r c e n t a g e o f t i m e t h a t t h e f a i l u r e n o d e o c c u r r e d i n 
t h e s i m u l a t i o n . 
T h e W i g h t , Z a m o e x a m p l e i n C h a p t e r I I I c a n b e e a s i l y 
e x p a n d e d t o a s m a l l - s c a l e s u c c e s s / f a i l t e s t d e s i g n m o d e l b y 
a d d i n g a r c s f r o m n o d e s F A I L W a n d F A I L Z t o F A I L . T h e s e a r c s 
w o u l d t r a n s f e r t h e f l o w f r o m t h e i n t e r n a l f a i l u r e n o d e s 
( F A I L W a n d F A I L Z ) t o t h e t o t a l f a i l u r e n o d e ( F A I L ) . D e ­
p e n d e n c i e s o n t h e s e a r c s o r s p l i t n o d e l o g i c c o n t r o l l i n g 
t h e i n i t i a t i o n o f t h e s e a r c s w o u l d b e s t r u c t u r e d i n s u c h a 
m a n n e r a s t o b e a c t i v a t e d o n l y b y a d u a l f a i l u r e o f t h e 
44 
Z a n t o and t h e W i g h t d a t a t e s t s ( r e a l i z a t i o n o f b o t h n o d e 
FAILW a n d F A I L Z ) . F o r e x a m p l e , i f VERT s p l i t n o d e l o g i c 
w e r e u s e d f o r n o d e s FAILW a n d FAILZ, PAND i n p u t l o g i c a n d 
F I L T 3 o u t p u t l o g i c w o u l d b e a p p r o p r i a t e . S i n c e f l o w c a n n o t 
b e p e r m i t t e d t o d i e w i t h i n t h e n e t w o r k a n a d d i t i o n a l t e r m i ­
n a l n o d e w o u l d b e r e q u i r e d t o " b u r y " t h e u n w a n t e d f l o w s 
w i t h i n t h e n e t w o r k . U n w a n t e d f l o w s w o u l d b e " b u r i e d " by 
s p e c i f y i n g i n p u t l o g i c f o r t h a t n o d e w h i c h w i l l n e v e r b e 
s a t i s f i e d . I t a p p e a r s f e a s i b l e t h e n , t o u s e t h i s m e t h o d ­
o l o g y t o c o n d u c t r i s k a n a l y s i s i n o p e r a t i o n a l t e s t i n g . 
T e s t D e s i g n 
The d e s i g n , c o n d u c t , a n d e v a l u a t i o n o f a n o p e r a t i o n a l 
t e s t i s a h e u r i s t i c m a n a g e m e n t e f f o r t . O p e r a t i o n a l t e s t s 
a r e d e s i g n e d a n d c o n d u c t e d t o p r o v i d e a u s e r - o r i e n t e d 
e v a l u a t i o n o f a d e f e n s e s y s t e m t h r o u g h o u t t h e m a t e r i a l 
a c q u i s i t i o n c y c l e . T e s t s a r e p l a n n e d a n d d e s i g n e d t o 
e x a m i n e o p e r a t i o n a l i s s u e s w i t h e m p h a s i s on t h o s e i s s u e s 
d e t e r m i n e d t o b e c r i t i c a l t o t h e s u c c e s s f u l e m p l o y m e n t o r 
u s e o f t h e s y s t e m u n d e r t e s t . The U n i t e d S t a t e s Army O p e r ­
a t i o n a l T e s t a n d E v a l u a t i o n A g e n c y (OTEA) i s t h e D e p a r t m e n t 
o f t h e Army a g e n c y c h a r g e d w i t h t h e r e s p o n s i b i l i t y f o r 
p l a n n i n g , d e s i g n i n g , c o n d u c t i n g , a n d e v a l u a t i n g o p e r a t i o n a l 
t e s t s f o r m a j o r Army o r DOD ( D e p a r t m e n t o f t h e D e f e n s e ) 
s y s t e m s . 
The O p e r a t i o n a l T e s t M e t h o d o l o g y G u i d e [40 ] p r e ^ 
p a r e d f o r OTEA by O p e r a t i o n s R e s e a r c h A s s o c i a t e s l i s t s 
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n e a r l y a l l p o s s i b l e s o u r c e s o f o p e r a t i o n a l t e s t p l a n n i n g , 
d e s i g n , a n d e v a l u a t i o n i n f o r m a t i o n . No t e s t d e s i g n e r 
w o u l d h a v e s u f f i c i e n t p l a n n i n g b a c k g r o u n d , e x p e r i e n c e , a n d 
k n o w l e d g e of s t a t i s t i c a l m e t h o d o l o g y t o b r i n g a l l t h e s e 
s o u r c e s t o b e a r on a d e s i g n o r e v a l u a t i o n p r o b l e m . T h e r e 
i s a p p a r e n t l y no s u b s t i t u t e f o r f i r s t - h a n d e x p e r i e n c e ; 
h e n c e , i n f o r m a l i n t e r v i e w s w i t h OTEA t e s t d e s i g n e r s w e r e 
a n e s s e n t i a l p a r t o f t h i s r e s e a r c h . D u r i n g t h e c o u r s e o f 
t h e s e i n t e r v i e w s a n a t t e m p t w a s made t o a s c e r t a i n t h e c u r ­
r e n t p h i l o s o p h y of o p e r a t i o n a l t e s t d e s i g n a s p r a c t i c e d by 
OTEA. 
T e s t d e s i g n i s a n a r t r a t h e r t h a n a s c i e n c e a n d c o n ­
s i d e r a b l e c o o r d i n a t i o n w i t h i n v o l v e d a g e n c i e s a n d o r g a n i ­
z a t i o n s i s r e q u i r e d . OTEA t e s t d e s i g n e r s a r e a f f o r d e d w i d e 
l a t i t u d e i n t h e i r a p p r o a c h t o t h e p r o b l e m . G i v e n a d e s i g n 
p r o j e c t , t h e t e s t d e s i g n e r a t t e m p t s t o g a i n a s much b a c k ­
g r o u n d i n t h e s y s t e m f o r w h i c h h e i s d e s i g n i n g a n o p e r a ­
t i o n a l t e s t a s p o s s i b l e . He may c a l l u p o n r e p o r t s o f 
o p e r a t i o n a l t e s t s o f s i m i l a r s y s t e m s , c o n t r a c t o r r e p o r t s , 
d e v e l o p m e n t a l t e s t r e p o r t s , " l e s s o n s l e a r n e d " r e p o r t s f r o m 
Army t r o o p u n i t s , o r o t h e r a v a i l a b l e r e l a t e d p u b l i c a t i o n s . 
He r e l i e s h e a v i l y on h i s own b a c k g r o u n d a n d e x p e r i e n c e 
( r e f e r r e d t o b y o n e d e s i g n e r a s h i s " i n s t i t u t i o n a l m e m o r y " ) . 
Many t e s t d e s i g n e r s u s e i n t e r v i e w s w i t h u s e r t r o o p s d u r i n g 
t h e c o u r s e o f t h e i r b a c k g r o u n d i n v e s t i g a t i o n . 
H e r e t h e t e s t d e s i g n e r a t t e m p t s t o a s c e r t a i n w h a t 
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t h e p e r s o n w h o u s e s t h e n e w e q u i p m e n t o r s i m i l a r e q u i p m e n t 
l i k e s b e s t , l i k e s l e a s t , o r w o u l d l i k e t o s e e i n c o r p o r a t e d 
i n f u t u r e d e s i g n s o f n e w e q u i p m e n t t o b e u s e d i n h i s m i l i ­
t a r y j o b . H e s e e k s i n f o r m a t i o n f r o m t h e s e u s e r t r o o p s o n 
t h e f a c t o r s t h a t a f f e c t t h e o p e r a t i o n a l p e r f o r m a n c e o f t h e 
e q u i p m e n t t h e y u s e . I f q u a l i f i e d , t h e t e s t d e s i g n e r m a y 
a c t u a l l y o p e r a t e o r u s e t h e n e w s y s t e m o r a s i m i l a r s y s t e m 
f o r w h i c h h e h a s b e e n t a s k e d t o d e s i g n a n o p e r a t i o n a l t e s t . 
T h e d e s i g n e r ' s c o o r d i n a t i o n e f f o r t s a r e c o n t i n u o u s 
a n d e x t e n s i v e . H e m u s t c o o r d i n a t e w i t h O T E A e l e m e n t s w h o 
c o n d u c t t h e t e s t t o i n s u r e t h a t t h e c o n d i t i o n s s p e c i f i e d 
i n t h e t e s t c a n b e r e a l i z e d , e l e m e n t s w h o e v a l u a t e t h e t e s t 
t o d e t e r m i n e i f s u f f i c i e n t i n f o r m a t i o n w i l l b e p r o v i d e d b y 
t h e t e s t d e s i g n t o r e s o l v e c r i t i c a l i s s u e s a n d w i t h t e c h n i ­
c a l s u p p o r t e l e m e n t s t o d e t e r m i n e t h o s e t e c h n i c a l m a t t e r s 
w h i c h m a y b e i n d o u b t . T h e m e t h o d o f e m p l o y m e n t o r d o c t r i n e 
i s p r o v i d e d i n c o o r d i n a t i o n w i t h t h e U . S . A r m y T r a i n i n g a n d 
D o c t r i n e C o m m a n d ( T R A D O C ) . T h e t e c h n i c a l s u p p o r t p a c k a g e 
p r o v i d e d b y T R A D O C i s b a s i c t o t h e t e s t d e s i g n . C o o r d i ­
n a t i o n i s a l s o r e q u i r e d w i t h A r m y a n d D O D e l e m e n t s s l a t e d 
t o p r o v i d e t h e u s e r t r o o p s , e q u i p m e n t , f a c i l i t i e s , a n d 
t e c h n i c a l s u p p o r t . 
I n s u m m a r y , t h e t e s t d e s i g n e r p r e p a r e s a n o p e r a t i o n a l 
t e s t d e s i g n o f a s y s t e m t o r e s o l v e t h e o p e r a t i o n a l i s s u e s i n 
c o o r d i n a t i o n w i t h a l l i n v o l v e d A r m y a n d D O D a g e n c i e s , m a j o r 
c o m m a n d s , a n d t r o o p u n i t s . H i s d e s i g n i s i n f l u e n c e d b y t h e 
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b e s t m i n d s o f a l l r e l e v a n t DOD a g e n c i e s a n d u n i t s . I t 
b e c o m e s a n i n s t r u m e n t t o e v a l u a t e t h e u s e r - o r i e n t e d w o r t h 
o f a d e f e n s e s y s t e m w h i c h i s c a p a b l e o f b e i n g i m p l e m e n t e d 
w i t h i n e x i s t i n g l i m i t a t i o n s o f u n i t s , f a c i l i t i e s , a n d r e ­
q u i r e m e n t s u n d e r o p e r a t i o n a l c o n d i t i o n s s p e c i f i e d b y c u r r e n t 
e m p l o y m e n t d o c t r i n e . 
R i s k A s s e s s m e n t A p p l i e d 
One c a n n o t a r g u e w i t h t h i s h e u r i s t i c p r o c e s s , b u t a t 
t h i s t i m e n o f o r m a l m e a s u r e s a r e e m p l o y e d t o a s s e s s t h e r i s k 
i n t h e t e s t d e s i g n . S i m u l a t i o n i s s u g g e s t e d b y t h e O p e r a ­
t i o n s R e s e a r c h A s s o c i a t e s a s a t o o l t o u s e b e f o r e a n d a f t e r 
t h e t e s t i s c o n d u c t e d t o a s s e s s t h e s y s t e m . I t i s p r o p o s e d 
t h e n , t h a t n e t w o r k s i m u l a t i o n c a n b e u s e d b o t h b e f o r e a n d 
a f t e r a t e s t i s c o n d u c t e d t o a s s e s s t h e r i s k a s s o c i a t e d w i t h 
t h e d e s i g n , a n d i n t h e c o n d u c t o f t h e r i s k a n a l y s i s , a s c e r ­
t a i n t h e c r i t i c a l i t y o f t h e d a t a t o t h e i m p a c t o n r i s k . 
T h i s w i l l p r o v i d e t h e d e s i g n e r o r a n a l y s t w i t h q u a n t i f i e d 
i n p u t t o h i s h e u r i s t i c p l a n , g i v i n g c r e d e n c e t o t h e c o n f i ­
d e n c e h e now p o s s e s s e s t h a t t h e t e s t d e s i g n i s w o r k a b l e . 
O p e r a t i o n a l t e s t s a r e a s u b - e v e n t i n t h e t o t a l 
m a t e r i a l d e v e l o p m e n t e f f o r t . W i t h i n t h i s s u b - e v e n t a r e 
a c t i v i t i e s , s u b t e s t s , o r s u b p r o g r a m s l e a d i n g t o e v e n t s o r 
m i l e s t o n e s . A s s o c i a t e d w i t h t h e s e a c t i v i t i e s a r e r e l a t e d 
c o s t s , t i m e s , a n d p e r f o r m a n c e v a l u e s . T h e s e v a l u e s may n o t 
b e k n o w n p r e c i s e l y , b u t c a n b e r e p r e s e n t e d b y a p r o b a b i l i t y 
d i s t r i b u t i o n . P r o c e d u r e s u s e f u l f o r e l i c i t i n g s u c h d a t a 
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h a v e b e e n s u g g e s t e d b y D a l k e y [ 9 ] , N o r t h r o p [ 3 8 ] , a n d 
R a i f f a [ 4 7 ] . T h e s e v a l u e s may a l s o d e p e n d o n v a l u e s d e t e r ­
m i n e d e a r l i e r i n t h e c o n d u c t o f some o t h e r a c t i v i t y o r s u b ­
t e s t . T h e o u t c o m e o f t h e t e s t s w o u l d m o s t l i k e l y b e a s e t 
o f s u c c e s s f u l e v e n t s a n d a s e t o f u n s u c c e s s f u l e v e n t s . 
T h e s e a c t i v i t i e s , s u b t e s t s , a n d s u b p r o g r a m s w i t h a s s o c i ­
a t e d v a l u e s d e s c r i b e d s t o c h a s t i c a l l y o r d e t e r m i n i s t i c a l l y 
l e a d i n g t o e v e n t s w h i c h c u l m i n a t e i n a s e t o f s u c c e s s f u l o r 
u n s u c c e s s f u l e v e n t s d e s c r i b e a VERT n e t w o r k . 
W h a t i s r e q u i r e d t h e n , f o r t h e t e s t d e s i g n e r t o a d d 
t h e " f o u r t h d i m e n s i o n " r i s k t o t h e t i m e , c o s t , a n d p e r f o r m ­
a n c e v a l u e s o f i n d i v i d u a l t e s t a c t i v i t i e s o r s u b t e s t i s f o r 
h i m t o m o d e l t h e n e t w o r k a n d c o n d u c t a n e t w o r k s i m u l a t i o n . 
F o l l o w i n g t h e c o n s t r u c t i o n o f t h e m o d e l , i t i s a s i m p l e 
m a t t e r f o r t h e d e s i g n e r t o c h a n g e v a l u e s , d i s t r i b u t i o n s , a n d 
d e s i g n a n d t h e n a s s e s s t h e r i s k o f t h e s e c h a n g e s . T h i s i s 
r i s k a n a l y s i s . S u c h a n a l y s i s t a k e s much o f t h e " w h a t i f " 
q u e s t i o n s o u t o f t h e p r o b l e m p r i o r t o t h e c o n d u c t o f t h e 
t e s t . S u b s e q u e n t l y , i t c a n a n s w e r t h e same " w h a t i f " q u e s ­
t i o n s i n a p o s t - m o r t u m e v a l u a t i o n o f t h e d a t a c o l l e c t e d 
d u r i n g t h e t e s t . 
S a f e t y r e g u l a t i o n s d u r i n g t h e f i e l d c o n d u c t o f a n 
o p e r a t i o n a l t e s t may p r o h i b i t t h e f u l l i m p l e m e n t a t i o n o f 
t h e t e s t d e s i g n d e s p i t e t h e p r i o r c o o r d i n a t i o n . T h e 
C h a p a r r e l T e s t D e s i g n P l a n [ 4 1 ] a n d s u b s e q u e n t t e s t r e p o r t 
[ 4 2 ] i s a n e x a m p l e o f t h i s . I t i s s u g g e s t e d h e r e t h a t 
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n e t w o r k s i m u l a t i o n c a n a s s e s s t h e r i s k a s s o c i a t e d w i t h 
f i e l d l i m i t a t i o n s i m p o s e d o n o p e r a t i o n a l t e s t s . 
D a t a A n a l y s i s 
T h e s i m u l a t i o n a l s o m a k e s i t p o s s i b l e t o a s s e s s t h e 
c r i t i c a l i t y o f d a t a . I f s u c h a l t e r a t i o n s i n d a t a h a v e a 
s i g n i f i c a n t i m p a c t o n t h e r i s k a s s o c i a t e d w i t h t h e t e s t , i t 
m a y b e n e c e s s a r y ^ t o s p e n d a d d i t i o n a l t e s t d o l l a r s i n t h e 
c o l l e c t i o n o f t h i s d a t a o r p r o v i d e a d d i t i o n a l i n s t r u m e n ­
t a t i o n o r o b s e r v a t i o n o f t h i s a c t i v i t y o r s u b t e s t t o i n s u r e 
t h e a c c u r a c y o f t h e i n f o r m a t i o n . S i m i l a r l y , i t m a y b e d i s ­
c o v e r e d t h a t s o m e d a t a h a s n o r e l e v a n c e t o t h e o u t c o m e o f 
t h e t e s t . T h i s a c t i v i t y m a y b e r e d u c e d o r e l i m i n a t e d a n d 
s a v e c o s t l y s a m p l i n g . O t h e r p r i o r d a t a a n a l y s i s m a y i n d i ­
c a t e t h e n e e d f o r a d d i t i o n a l a c t i v i t i e s o r s u b t e s t s . S i m u ­
l a t i o n m a y a l s o i n d i c a t e t h a t p r o j e c t c o s t s , p e r f o r m a n c e 
a n d t i m e a l l o c a t i o n s a r e i n s u f f i c i e n t g i v e n t h e i n d i v i d u a l 
a c t i v i t y v a l u e s . A d j u s t m e n t s m a y b e r e q u i r e d t o t h e s e i n d i ­
v i d u a l a c t i v i t y p a r a m e t e r s w h i c h w o u l d s u b s t a n t i a l l y i n ­
c r e a s e t h e r i s k . W i t h t h i s i n f o r m a t i o n t h e d e c i s i o n - m a k e r 
m a y c h o o s e i n s t e a d t o a l t e r t o t a l p r o j e c t c o s t s , p e r f o r m ­
a n c e , o r t i m e a l l o c a t i o n s . 
I n s u m m a r y , i t a p p e a r s t h a t t h e h e u r i s t i c e f f o r t o f 
t h e t e s t d e s i g n e r c a n b e m o d e l e d i n t o a n e t w o r k . U s i n g 
a c t u a l t e s t d a t a o r s u b j e c t i v e p r o j e c t i o n s f o r i n d i v i d u a l 
a c t i v i t y o r s u b t e s t i n f o r m a t i o n , t h e d e s i g n e r c a n a g g r e g a t e 
t h e s e i n t o v a l u e s f o r t h e t o t a l p r o j e c t a n d a s s e s s t h e r i s k 
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f o r t h a t p r o j e c t a n d t h e i n f l u e n c e o f d a t a o n t h a t r i s k b y 
u s i n g n e t w o r k s i m u l a t i o n . T h i s p r o c e d u r e w i l l b e i l l u s ­
t r a t e d u s i n g VERT i n C h a p t e r V . 
5 1 
C H A P T E R V 
A N A P P L I C A T I O N , T H E F A L C O N 
T h e F a l c o n 
T h e C o m m a n d e r o f O T E A h a s b e e n t a s k e d t o c o n d u c t t h e 
s e c o n d O p e r a t i o n a l T e s t ( O T I I ) o f t h e F a l c o n A i r D e f e n s e 
S y s t e m . T h e F a l c o n i s a h i g h l y m o b i l e s y s t e m c a p a b l e o f 
p r o v i d i n g t h e A r m y C o r p s C o m m a n d e r w i t h s t r a t e g i c a l l -
w e a t h e r a i r d e f e n s e c a p a b i l i t y f o r C o r p s f o r c e s . T h e b a s i c 
c o m p o n e n t s a r e m o u n t e d i n s e p a r a t e t r a c k v e h i c l e s . S y s t e m 
c o m p o n e n t s i n c l u d e a r a d a r a c q u i s i t i o n a n d i d e n t i f i c a t i o n 
v a n , t r a c k i n g a n d f i r e c o n t r o l v a n , c o m m u n i c a t i o n v a n , a n d 
m i s s i l e c a r r i e r s . T h e m i s s i l e w a r h e a d i s n u c l e a r c a p a b l e 
a n d m i n i m u m s a f e t y r a n g e f o r f r i e n d l y t r o o p s h a s b e e n s e t 
a t t w o k i l o m e t e r s . S y s t e m f e a t u r e s i n c l u d e c o m p u t e r d i r e c t e d 
i d e n t i f i c a t i o n , t r a c k i n g , a n d f i r i n g w i t h m a n u a l o v e r r i d e s 
b a s e d o n p r e d e t e r m i n e d a i r d e f e n s e w a r n i n g s t a t u s . 
T h e C o m m a n d e r o f O T E A h a s d i r e c t e d t h a t f u r t h e r l i v e 
f i r i n g s d u r i n g O T I I a r e u n n e c e s s a r y s i n c e s u f f i c i e n t m i s s i l e 
r e l i a b i l i t y u n d e r o p e r a t i o n a l c o n d i t i o n s w a s d e m o n s t r a t e d 
a n d e v a l u a t e d u n d e r O p e r a t i o n a l T e s t I ( O T I ) . T R A D O C h a s 
a s k e d t h a t t h r e e b a s i c d o c t r i n e s b e t e s t e d t o d e t e r m i n e t h e 
m o s t e f f e c t i v e e m p l o y m e n t p o s t u r e . S i m p l y s t a t e d , t h e y 
i n v o l v e t h e m e t h o d o f e m p l o y i n g t h e r a d a r o f t h e s y s t e m . 
T h e f i r s t p r o p o s e d d o c t r i n e s p e c i f i e s t h a t t h e r a d a r b e 
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e m p l o y e d on s i t e w i t h t h e m i s s i l e c a r r i e r s and a s s o c i a t e d 
e q u i p m e n t . The s e c o n d d o c t r i n e d i c t a t e s employment o f t h e 
d e t e c t i o n r a d a r van f o r w a r d o f t h e f i r i n g s i t e and t h e 
t h i r d p r o p o s a l d i c t a t e s t h e p l a c e m e n t o f t h e r a d a r on l i n e 
w i t h t h e f i r i n g u n i t s b u t i n d e p e n d e n t o f t h e l a u n c h s i t e . 
F i g u r e 4 p r o v i d e s s c h e m a t i c s o f TRADOC's employment d o c ­
t r i n e p r o p o s a l s . 
F i g u r e 4 . TRADOC P r o p o s e d Employment D o c t r i n e s 
S i n c e t h e f i r s t o p e r a t i o n a l t e s t was c o n d u c t e d (OTI) , 
an i m p r o v e d v e r s i o n o f t h e d e t e c t i o n r a d a r h a s b e e n d e ­
v e l o p e d and h a s d e m o n s t r a t e d t o b e more r e l i a b l e i n c o n ­
t r a c t o r r e l i a b i l i t y and m a i n t e n a n c e t e s t s . I t s a b i l i t y t o 
d e t e c t and i d e n t i f y under o p e r a t i o n a l c o n d i t i o n s h a s b e e n 
d e s i g n a t e d a c r i t i c a l i s s u e f o r O T I I . A n o t h e r s i g n i f i c a n t 
improvement i n t h e F a l c o n A i r D e f e n s e s y s t e m h a s b e e n t h e 
d e v e l o p m e n t o f a l a s e r t r a c k i n g and f i r i n g s y s t e m v e r s u s 
t h e e x i s t i n g manual r a d a r a s s i s t e d s y s t e m e m p l o y e d i n OTI. 
I t h a s b e e n shown t o b e a s i g n i f i c a n t improvement u n d e r 
T r a c k i n g M i s s i l e s 
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c o n d i t i o n s o f p o o r v i s i b i l i t y . L a s e r p e r f o r m a n c e h a s a l s o 
b e e n d e s i g n a t e d a c r i t i c a l i s s u e f o r O T I I . S i n c e f u e l i s 
i n s h o r t s u p p l y , t a c t i c a l and s t r a t e g i c a i r c r a f t s o r t i e s 
a r e l i m i t e d . 
I n c o o r d i n a t i o n w i t h t h e Army Deputy C h i e f o f S t a f f 
f o r O p e r a t i o n s (DCSOPS) , t h e U . S . Army F o r c e s Command 
(FORSCOM) and t h e U . S . Army T r a i n i n g and D o c t r i n e Command 
(TRADOC), and OTEA e l e m e n t s , t h e f o l l o w i n g t e s t i s s u e s h a v e 
b e e n a p p r o v e d : 
1 . H o w w i l l t h e i m p r o v e d r a d a r a f f e c t t h e F a l c o n ' s 
d e t e c t i o n c a p a b i l i t y ? 
2 . How w i l l ECM d e g r a d a t e t h e i m p r o v e d r a d a r ' s a c q u i s i ­
t i o n r a n g e ? 
3 . What e f f e c t w i l l t h e r e l i a b i l i t y o f t h e i n d i v i d u a l 
c o m p o n e n t s h a v e on t h e o p e r a t i o n a l a v a i l a b i l i t y o f 
t h e s y s t e m ? 
4 . Does l a s e r t r a c k i n g and f i r i n g s i g n i f i c a n t l y i m p r o v e 
f i r i n g r a n g e s under r e d u c e d v i s i b i l i t y ? 
5 . W i l l a l t i t u d e a f f e c t t h e t r a c k i n g and f i r i n g o f 
t h e F a l c o n s y s t e m ? 
6 . I s t h e l a s e r t r a c k i n g and f i r i n g component s i g n i f i ­
c a n t l y b e t t e r t h a n t h e e x i s t i n g manual r a d a r a s s i s t e d 
t r a c k i n g component? 
7 . What e f f e c t d o e s t h e s t a t u s o f w e a p o n s c o n t r o l h a v e 
on t h e employment d o c t r i n e s p r o p o s e d by TRADOC? 
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U s e r t r o o p s w i l l b e p r o v i d e d b y F O R S C O M a n d t r a i n e d 
o n t h e F a l c o n A i r D e f e n s e S y s t e m b y T R A D O C 1 s U . S . A r m y A i r 
D e f e n s e C e n t e r a n d S c h o o l , F o r t B l i s s , T e x a s . T h e t e s t 
v a r i a b l e s a s i d e n t i f i e d b y t h e o p e r a t i o n a l t e s t i s s u e s a r e 
E C M , r e l i a b i l i t y , a l t i t u d e , w e a t h e r , a n d w e a p o n c o n t r o l 
s t a t u s . I n v i e w o f t h e s e o p e r a t i o n a l i s s u e s a n d t h e t e s t 
v a r i a b l e s , t h e a n a l y s t h a s d e s i g n e d a t e s t t o b e c o n d u c t e d 
i n f o u r p h a s e s . 
P h a s e I i s i d e n t i f i e d a s t h e d e t e c t i o n p h a s e . I n 
t h i s p h a s e c o m p e t i n g s y s t e m s a r e t h e b a s i c r a d a r s y s t e m a n d 
t h e i m p r o v e d r a d a r s y s t e m . T h e f a c t o r s t o b e t e s t e d h e r e 
a r e t h e e f f e c t o f E C M a n d r a d a r r e l i a b i l i t y o n t h e d e t e c t i o n 
c a p a b i l i t y o f t h e F a l c o n . D e t e c t i o n r a n g e s w i l l b e c o m p u t e d 
f o r t h e b a s i c a n d i m p r o v e d r a d a r s i n a n ECM e n v i r o n m e n t a n d 
w i t h o u t t h e a f f e c t o f E C M . A t t h e c o m p l e t i o n o f p h a s e I 
t h e s y s t e m d e t e c t i n g h o s t i l e a i r c r a f t a t t h e g r e a t e s t r a n g e 
u n d e r t h e c o n d i t i o n s ( E C M o n o r ECM o f f ) w h i c h h a v e t h e 
g r e a t e s t a f f e c t o n t h e d e g r a d a t i o n o f t h e r a n g e o f t h e F a l c o n 
w i l l b e c h o s e n f o r u s e i n p h a s e I I ( i . e . , t h e i m p r o v e d r a d a r 
u n d e r ECM e n v i r o n m e n t ) . 
P h a s e I I i s d e s i g n a t e d a s t h e t r a c k i n g a n d f i r i n g 
p h a s e . T h e f a c t o r s o f v i s i b i l i t y , r e l i a b i l i t y , a n d a l t i t u d e 
a r e t o b e v a r i e d o r t e s t e d d u r i n g t h i s p h a s e . C o m p e t i n g 
l a s e r a n d m a n u a l r a d a r a s s i s t e d t r a c k i n g w i l l b e c o m p a r e d 
t o s e l e c t t h e s y s t e m c o m b i n a t i o n f i r i n g a t t h e g r e a t e s t 
r a n g e u n d e r t h e c o m b i n a t i o n o f c o n d i t i o n s w h i c h h a s t h e 
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g r e a t e s t d e g r a d a t i o n a f f e c t on t h e f i r i n g r a n g e . 
F o l l o w i n g t h e c o m p l e t i o n o f p h a s e s I and II t h a t 
c o m b i n a t i o n o f d e t e c t i o n and t r a c k i n g c o m p o n e n t s demon­
s t r a t i n g t h e b e s t p e r f o r m a n c e i n t e r m s o f g r e a t e s t d e t e c ­
t i o n and f i r i n g r a n g e s under t h o s e c o n d i t i o n s w h i c h p r o ­
v i d e d t h e g r e a t e s t n e g a t i v e e f f e c t on t h a t r a n g e w i l l be 
a s s e m b l e d t o p r o v i d e t h e s y s t e m u n d e r w h i c h t h e TRADOC 
employment d o c t r i n e s w i l l b e t e s t e d i n p h a s e s I I I and IV . 
D u r i n g p h a s e I I I , t h e t h r e e p r o p o s e d TRADOC e m p l o y ­
ment p r o c e d u r e s w i l l b e t e s t e d on p l a t o o n s i z e s y s t e m u n i t s . 
The f a c t o r s c o n t r i b u t i n g t o p e r f o r m a n c e h e r e a r e weapon c o n ­
t r o l s t a t u s and a v a i l a b i l i t y . P e r f o r m a n c e under e a c h o f 
t h e weapon c o n t r o l s t a t e s w i l l be a v e r a g e d and t h e two 
employment d o c t r i n e s d e m o n s t r a t i n g t h e g r e a t e s t d e t e c t i o n , 
t r a c k i n g , and f i r i n g r a n g e s w i l l b e s e l e c t e d f o r t h e 
b a t t a l i o n s i z e d o c t r i n e t e s t . 
The l a s t employment d o c t r i n e t e s t i s d e s i g n e d t o 
p r o v i d e a f u l l - s c a l e o p e r a t i o n a l e n v i r o n m e n t and s e l e c t 
t h e b e s t employment d o c t r i n e under t h e c o n d i t i o n s p r e ­
s c r i b e d e a r l i e r w i t h t h e b e s t s y s t e m d e v e l o p e d d u r i n g 
p h a s e s I and I I . At e a c h p o i n t t h r o u g h o u t t h e t e s t c y c l e 
a c h e c k w i l l be made t o i n s u r e t h a t d e t e c t i o n r a n g e s a r e 
g r e a t e r t h a n 5 k i l o m e t e r s and f i r i n g r a n g e s a r e g r e a t e r 
t h a n 2 k i l o m e t e r s . 
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T h e M o d e l 
I n o r d e r t o c o n d u c t a r i s k a n a l y s i s o f t h e p h a s e d 
p r o c e d u r e j u s t d e s c r i b e d , t h e d e s i g n e r m u s t now b u i l d a 
n e t w o r k m o d e l . A t t h i s p o i n t t h e m o d e l c a n n o t b e b u i l t 
i n d e p e n d e n t o f t h e p r o g r a m w h i c h i s c h o s e n t o a n a l y z e t h e 
m o d e l . VERT h a s b e e n s e l e c t e d a s t h e n e t w o r k s i m u l a t i o n 
t o o l t o b e u s e d t o c o n d u c t a r i s k a s s e s s m e n t o f F a l c o n , 
h e n c e VERT t r a n s f o r m a t i o n s o f d a t a a n d VERT n o d e l o g i c 
a r e u s e d t o b u i l d t h e F a l c o n t e s t m o d e l . 
F i g u r e s 5 , 6 , 7 , a n d 8 p r o v i d e a s c h e m a t i c o f t h e 
F a l c o n o p e r a t i o n a l t e s t a n d T a b l e s 1 1 a n d 1 2 p r o v i d e a 
d e s c r i p t i o n o f t h e m o d e l ' s a r c s a n d n o d e s . 
VERT l o g i c i s p a r t i c u l a r l y s u i t e d t o t h e d e c i s i o n s 
p r o p o s e d b y t h e t e s t d e s i g n e r t h r o u g h o u t t h e c o n d u c t o f 
t h e p h a s e d o p e r a t i o n a l t e s t f o r t h e F a l c o n . I n p h a s e I 
( F i g u r e 5 ) t h e i n i t i a l o r g a n i z a t i o n , p e r s o n n e l , a n d e q u i p ­
m e n t c o s t s a r e r e p r e s e n t e d b y ORGT. ORGT a l s o c a r r i e s t h e 
t i m e p r o j e c t i o n f o r t h e o r g a n i z a t i o n o f t h e t e s t d i r e c ­
t o r a t e i n t e r m s o f w e e k s . T h e t w o c o m p e t i n g s y s t e m s t h e n 
s p l i t a l o n g i d e n t i c a l p a t h s . T o i l l u s t r a t e t h e l o g i c , t h e 
u p p e r p a t h w h i c h r e p r e s e n t s t h e i m p r o v e d r a d a r t e s t w i l l 
b e f o l l o w e d . B a s i c r a n g e , t i m e , a n d c o s t d a t a i s c o m p u t e d 
b y I M P R a n d c h e c k e d b y I M P S C ' s F I L T 1 l o g i c t o i n s u r e t h a t 
t h e d e t e c t i o n r a n g e i s i n e x c e s s o f 5 k i l o m e t e r s . D e g r a ­
d a t i o n s t o t h e b a s i c r a n g e a r e c a r r i e d b y a r c s I E C O a n d 
I E C F r e p r e s e n t i n g t h e e f f e c t o f EMC o n t h e F a l c o n s y s t e m . 
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T a b l e 1 1 . F a l c o n A r c D e s c r i p t i o n s 
A r c D e s c r i p t i o n 
ORGT O r g a n i z e t e s t d i r e c t o r a t e . 
IMPR I m p r o v e d r a d a r d e t e c t i o n t e s t . 
RADR B a s i c r a d a r d e t e c t i o n t e s t . 
I E C O I m p r o v e d r a d a r i n ECM e n v i r o n m e n t t e s t . 
I E C F I m p r o v e d r a d a r w i t h n o ECM e f f e c t . 
FADT I m p r o v e d r a d a r f a i l s t o d e t e c t g r e a t e r t h a n 
5 k i l o m e t e r s . 
RECO B a s i c r a d a r i n ECM e n v i r o n m e n t t e s t . 
RECF B a s i c r a d a r w i t h n o ECM e f f e c t t e s t . 
FADR B a s i c r a d a r f a i l s t o d e t e c t h o s t i l e a i r c r a f t a t 
r a n g e g r e a t e r t h a n 5 k i l o m e t e r s . 
F A I I D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s t h a t 
a r e l i a b i l i t y f a i l u r e o c c u r r e d i n t h e ECM t e s t . 
BDOI T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t ECM o n p r o v e d 
t h e w o r s t r a n g e d e g r a d a t i o n . 
B D F I T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t ECM o f f p r o v e d 
t o p r o v i d e t h e w o r s t r a n g e d e g r a d a t i o n . 
F A I R D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s t h a t a 
d u a l r e l i a b i l i t y f a i l u r e o c c u r r e d i n t h e EMC t e s t 
f o r t h e b a s i c r a d a r . 
BDOR T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t ECM o n p r o v e d t o 
p r o v i d e t h e w o r s t r a n g e d e g r a d a t i o n f o r t h e b a s i c 
r a d a r . 
BDFR T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t ECM o f f p r o v e d 
t o p r o v i d e t h e w o r s t r a n g e d e g r a d a t i o n f o r t h e 
b a s i c r a d a r . 
F A I S D e f a u l t a r c f o r d e t e c t i o n p h a s e f a i l u r e n o d e , 
i n d i c a t e s a f a i l u r e o f a l l d e t e c t i o n t e s t s . 
E N D I I m p r o v e d r a d a r o p e r a t i n g i n a n ECM e n v i r o n m e n t 
s e l e c t e d a s t h e s y s t e m a t t h e c o m p l e t i o n o f 
p h a s e I . 
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Arc D e s c r i p t i o n 
ENDD Improved r a d a r o p e r a t i n g w i t h no ECM e f f e c t 
s e l e c t e d a s t h e s y s t e m c o m b i n a t i o n a t t h e c o m p l e ­
t i o n o f p h a s e I . 
ENDR B a s i c r a d a r o p e r a t i n g i n an ECM e n v i r o n m e n t 
s e l e c t e d a s t h e s y s t e m c o m b i n a t i o n a t t h e com­
p l e t i o n o f p h a s e I . 
ENDB B a s i c r a d a r o p e r a t i n g w i t h no ECM e f f e c t s e l e c t e d 
a s t h e s y s t e m c o m b i n a t i o n a t t h e c o m p l e t i o n o f 
p h a s e I . 
LAST L a s e r t r a c k / f i r e t e s t , b a s i c d a t a . 
MANT Manual r a d a r a s s i s t e d t r a c k / f i r e t e s t , b a s i c d a t a . 
FALT L a s e r f a i l e d t o f i r e a t h o s t i l e a i r c r a f t a t r a n g e s 
i n e x c e s s o f 3 k i l o m e t e r s from t h e f i r i n g p o i n t . 
LTHA High a l t i t u d e f l i g h t s l a s e r t r a c k / f i r e t e s t . 
LTMA Medium a l t i t u d e f l i g h t s l a s e r t r a c k / f i r e t e s t . 
FALI D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s t h a t a 
d u a l r e l i a b i l i t y f a i l u r e o c c u r r e d i n t h e l a s e r 
a l t i t u d e t e s t . 
MTHA Manual r a d a r a s s i s t e d h i g h a l t i t u d e t r a c k / f i r e 
t e s t . 
MTMA Manual r a d a r a s s i s t e d medium a l t i t u d e t r a c k / f i r e 
t e s t . 
FAMR Manual r a d a r a s s i s t e d f a i l e d t o f i r e a t h o s t i l e 
a i r c r a f t a t r a n g e s i n e x c e s s o f 3 k i l o m e t e r s from 
t h e f i r i n g p o i n t . 
TSPL T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t t h e h i g h a l t i ­
t u d e f l i g h t s p r o v i d e d t h e w o r s t r a n g e d e g r a d a t i o n 
f o r l a s e r t r a c k i n g . 
TSML T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t t h e medium a l t i ­
t u d e f l i g h t s p r o v i d e d t h e w o r s t r a n g e d e g r a d a t i o n 
f o r l a s e r t r a c k i n g . 
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A r c D e s c r i p t i o n 
F A M I D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s t h a t a 
d u a l r e l i a b i l i t y f a i l u r e o c c u r r e d i n t h e m a n u a l 
t r a c k i n g t e s t s . 
T S P M T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t t h e h i g h a l t i ­
t u d e f l i g h t s p r o v i d e d t h e w o r s t r a n g e d e g r a d a t i o n 
f o r m a n u a l t r a c k i n g . 
TSMM T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t t h e m e d i u m 
a l t i t u d e f l i g h t s p r o v i d e d t h e w o r s t r a n g e d e g r a ­
d a t i o n f o r m a n u a l t r a c k i n g . 
H V L A H i g h v i s i b i l i t y l a s e r t r a c k i n g t e s t . 
L V L A L o w v i s i b i l i t y l a s e r t r a c k i n g t e s t . 
HVMA H i g h v i s i b i l i t y m a n u a l t r a c k i n g t e s t . 
L V M A L o w v i s i b i l i t y m a n u a l t r a c k i n g t e s t . 
F A V L D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s a d u a l 
r e l i a b i l i t y f a i l u r e f o r t h e v i s i b i l i t y l a s e r 
t r a c k i n g t e s t s . 
B T L A T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t h i g h v i s i b i l i t y 
p r o v i d e d t h e w o r s t r a n g e d e g r a d a t i o n f o r l a s e r 
t r a c k i n g . 
B T L B T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t l o w v i s i b i l i t y 
p r o v i d e d t h e w o r s t r a n g e d e g r a d a t i o n f o r l a s e r 
t r a c k i n g . 
F A V M D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s a d u a l 
r e l i a b i l i t y f a i l u r e f o r t h e v i s i b i l i t y m a n u a l 
t r a c k i n g t e s t s . 
B T M A T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t h i g h v i s i b i l i t y 
p r o v i d e d t h e w o r s t r a n g e d e g r a d a t i o n f o r m a n u a l 
t r a c k i n g . 
B T M B T r a n s p o r t a t i o n a r c i n d i c a t i n g t h a t l o w v i s i b i l i t y 
p r o v i d e d t h e w o r s t r a n g e d e g r a d a t i o n f o r m a n u a l 
t r a c k i n g . 
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T a b l e 1 1 . C o n t i n u e d 
A r c D e s c r i p t i o n 
FATK D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s a 
f a i l u r e o f a l l t r a c k i n g t e s t s . 
M P E 1 L a s e r t r a c k i n g , h i g h v i s i b i l i t y c o m b i n a t i o n 
s e l e c t e d a t t h e c o m p l e t i o n o f p h a s e I I . 
MPE2 L a s e r t r a c k i n g , l o w v i s i b i l i t y c o m b i n a t i o n 
s e l e c t e d a t t h e c o m p l e t i o n o f p h a s e I I . 
MPE3 M a n u a l t r a c k i n g , h i g h v i s i b i l i t y c o m b i n a t i o n 
s e l e c t e d a t t h e c o m p l e t i o n o f p h a s e I I . 
MPE4 M a n u a l t r a c k i n g , l o w v i s i b i l i t y c o m b i n a t i o n 
s e l e c t e d a t t h e c o m p l e t i o n o f p h a s e I I . 
FSYS S y s t e m s e l e c t e d a t t h e c o m p l e t i o n o f p h a s e II 
f a i l e d t o t r a c k a n d f i r e a t h o s t i l e a i r c r a f t a t 
r a n g e s i n e x c e s s o f 2 k i l o m e t e r s f r o m t h e f i r i n g 
s i t e . 
LODC O r g a n i z e d o c t r i n e t e s t . 
RTDO R a d a r o n s i t e w i t h f i r i n g u n i t s e m p l o y m e n t 
d o c t r i n e t e s t . 
RSDO R a d a r s e p a r a t e f r o m f i r i n g u n i t s d o c t r i n e t e s t . 
RMDO R a d a r s e p a r a t e b u t o n l i n e w i t h f i r i n g u n i t s 
d o c t r i n e t e s t . 
FATO On s i t e d o c t r i n e f a i l s t o e n g a g e a i r c r a f t g r e a t e r 
t h a n 2 k i l o m e t e r s f r o m t h e f i r i n g s i t e . 
WTDT W e a p o n s t i g h t c o n t r o l t e s t f o r t o g e t h e r d o c t r i n e . 
WFDT W e a p o n s f r e e c o n t r o l t e s t f o r o n s i t e d o c t r i n e . 
FASO R a d a r s e p a r a t e d o c t r i n e u n i t s f a i l e d t o e n g a g e 
h o s t i l e a i r c r a f t a t r a n g e s g r e a t e r t h a n 2 k i l o ­
m e t e r s f r o m t h e f i r i n g s i t e . 
WTDS W e a p o n s t i g h t c o n t r o l t e s t f o r s e p a r a t e d o c t r i n e . 
WFDS W e a p o n s f r e e c o n t r o l t e s t f o r s e p a r a t e d o c t r i n e . 
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Arc D e s c r i p t i o n 
FAMO On l i n e b u t s e p a r a t e d o c t r i n e u n i t s f a i l e d t o 
e n g a g e h o s t i l e a i r c r a f t a t r a n g e s g r e a t e r t h a n 
2 k i l o m e t e r s f r o m t h e f i r i n g s i t e . 
WTDM W e a p o n s t i g h t c o n t r o l t e s t f o r o n l i n e s e p a r a t e 
d o c t r i n e . 
WFDM W e a p o n s f r e e c o n t r o l t e s t f o r o n l i n e s e p a r a t e 
d o c t r i n e . 
VRCO H o s t i l e a i r c r a f t v i s u a l l y i d e n t i f i e d t e s t 
s u c c e s s f u l . 
FRCO H o s t i l e a i r c r a f t f a i l e d t o b e v i s u a l l y i d e n t i f i e d . 
FAMT On s i t e d o c t r i n e a g a i n f a i l s 2 k i l o m e t e r m i n i m u m . 
E V T D T r a n s p o r t a t i o n a r c f o r o n s i t e d o c t r i n e . 
FAMS S e p a r a t e d o c t r i n e f a i l s t h e 2 k i l o m e t e r m i n i m u m . 
EVSD T r a n s p o r t a t i o n a r c f o r s e p a r a t e d o c t r i n e . 
FAMM On l i n e b u t s e p a r a t e d o c t r i n e f a i l s t h e 2 k i l o m e t e r 
m i n i m u m . 
EVMD T r a n s p o r t a t i o n a r c f o r o n l i n e b u t s e p a r a t e 
d o c t r i n e . 
FADO D e f a u l t a r c f o r c o m p a r i s o n n o d e i n d i c a t i n g t h a t 
a l l d o c t r i n e t e s t s w e r e f a i l u r e s . 
L T D l On s i t e d o c t r i n e s e l e c t e d a s t h e b e s t . 
L T D 2 S e p a r a t e d o c t r i n e s e l e c t e d a s t h e b e s t . 
L T D 3 On l i n e b u t s e p a r a t e d o c t r i n e s e l e c t e d a s o n e o f 
b e s t t w o f o r i n p u t i n t o b a t t a l i o n d o c t r i n e t e s t . 
B E S l On s i t e d o c t r i n e s e l e c t e d a s t h e b e s t a f t e r 
b a t t a l i o n s i z e t e s t . 
BES2 S e p a r a t e d o c t r i n e s e l e c t e d a s t h e b e s t a f t e r 
b a t t a l i o n s i z e t e s t . 
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A r c D e s c r i p t i o n 
BES3 O n l i n e b u t s e p a r a t e d o c t r i n e s e l e c t e d a s t h e 
b e s t a f t e r t h e b a t t a l i o n s i z e t e s t . 
F A D B D e f a u l t a r c f o r c o m p a r i s o n n o d e , i n d i c a t e s a 
f a i l u r e o f a l l b a t t a l i o n d o c t r i n e t e s t s . 
F A A P F i n a l c h e c k t o i n s u r e t h a t s e l e c t e d s y s t e m h a s 
e n g a g e d h o s t i l e a i r c r a f t i n e x c e s s o f 2 k i l o m ­
e t e r s f r o m t h e f i r i n g s i t e . 
S T O P T r a n s p o r t a t i o n a r c t o n o d e S U C C E S S . 
F A I L T R N D e f a u l t a r c f o r n o d e F A I L . 
B L C K T r a n s p o r t a t i o n a r c f o r n o d e F A I L , t h i s c o u p l e d 
w i t h F A I L T R N b u r i e s u n w a n t e d f l o w s w i t h i n t h e 
n e t w o r k . 
F D E C T r a n s p o r t a t i o n a r c f o r n o d e F A I L , t h i s a r c i s 
r e a l i z e d w h e n t h e r e i s a d u a l f a i l u r e w i t h i n 
t h e n e t w o r k . 
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T a b l e 1 2 . F a l c o n N o d e D e s c r i p t i o n s 
N o d e D e s c r i p t i o n 
S T A R T S t a r t p o i n t f o r t h e n e t w o r k . 
B E G I D D i r e c t o r a t e o r g a n i z e d . 
I M P S C B a s i c t e s t d a t a p o i n t i m p r o v e d r a d a r . 
R A D S C B a s i c t e s t d a t a p o i n t b a s i c r a d a r . 
M I I D I S e l e c t s t h e m i n i m u m d i s t a n c e f o r t h e E C M t e s t , 
i m p r o v e d r a d a r . 
M I I D R S e l e c t s t h e m i n i m u m d i s t a n c e f o r t h e E C M t e s t , 
b a s i c r a d a r 
B E S T I S e l e c t s t h e s y s t e m d e t e c t i n g a t t h e g r e a t e s t 
r a n g e . 
B E G T K E n d o f p h a s e I , b e g i n p h a s e I I . 
L A S Y S B a s i c d a t a t e s t p o i n t l a s e r t r a c k i n g . 
M T S Y S B a s i c d a t a t e s t p o i n t m a n u a l t r a c k i n g . 
M I K K L S e l e c t s t h e m i n i m u m d i s t a n c e f o r t h e a l t i t u d e 
t e s t , l a s e r t r a c k i n g . 
M I T K M S e l e c t s t h e m i n i m u m d i s t a n c e f o r t h e a l t i t u d e 
t e s t , m a n u a l t r a c k i n g . 
L A W T R S t a r t p o i n t f o r v i s i b i l i t y t e s t , l a s e r t r a c k i n g . 
MAWTR S t a r t p o i n t f o r v i s i b i l i t y t e s t , m a n u a l t r a c k i n g . 
M I L T V S e l e c t s t h e m i n i m u m d i s t a n c e f o r t h e v i s i b i l i t y 
t e s t , l a s e r t r a c k i n g . 
M I M T V S e l e c t s t h e m i n i m u m d i s t a n c e f o r t h e v i s i b i l i t y 
t e s t , m a n u a l t r a c k i n g . 
B E S T K S e l e c t s t h e m a x i m u m d i s t a n c e f o r t h e t r a c k i n g 
p h a s e o f t h e t e s t . 
T E R M T E n d o f t h e t r a c k i n g p h a s e o f t h e t e s t . 
B E D O C S t a r t p o i n t f o r t h e d o c t r i n e p h a s e o f t h e t e s t . 
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TOGDO B a s i c d a t a p o i n t f o r t h e on s i t e d o c t r i n e t e s t . 
SEPDO B a s i c d a t a p o i n t f o r t h e s e p a r a t e d o c t r i n e t e s t 
MODDO B a s i c d a t a p o i n t f o r t h e on l i n e b u t s e p a r a t e 
d o c t r i n e t e s t . 
VRCOG B e g i n v i s u a l r e c o g n i t i o n t e s t . 
MXRDT C o m p l e t e on s i t e d o c t r i n e t e s t , c h e c k minimum 
p e r f o r m a n c e . 
MXRDS C o m p l e t e s e p a r a t e d o c t r i n e t e s t , c h e c k minimum 
p e r f o r m a n c e . 
MXRDO C o m p l e t e on l i n e b u t s e p a r a t e d o c t r i n e t e s t , 
c h e c k minimum p e r f o r m a n c e . 
TESTD S e l e c t b e s t two d o c t r i n e s f o r i n p u t t o p h a s e IV 
COMPD S e l e c t b e s t d o c t r i n e . 
ADEQD Check t o s e e t h a t minimum s t a n d a r d s a r e m e t . 
FAIL C o l l e c t i o n p o i n t f o r f a i l u r e f l o w s . 
FAILP F a i l u r e o f t h e o p e r a t i o n a l t e s t . 
SUCCESS S u c c e s s o f t h e o p e r a t i o n a l t e s t . 
BOOTHILL B u r i e s unwanted f a i l u r e f l o w s . 
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T h e c o s t o f u s i n g E C M i s a l s o i n c l u d e d o n a r c I E C O . T h e s e 
d e g r a d a t i o n s a r e c o m p a r e d u s i n g V E R T C O M P A R E n o d e l o g i c . 
T h e s e l e c t i o n h e r e i s b a s e d o n a n e g a t i v e p e r f o r m a n c e 
( i . e . , t h e m i n i m u m r a n g e o f t h e t w o c o m p e t i n g a r c s w i l l b e 
s e l e c t e d ) . E a c h o f t h e s e a r c s h a s a p r o b a b i l i t y o f l e s s 
t h a n o n e o f b e i n g c o m p l e t e d o n c e i n i t i a t e d . T h i s v a l u e 
i n d i c a t e s t h e r e l i a b i l i t y o f t h e r a d a r s y s t e m c o m p o n e n t . 
I n t h e e v e n t b o t h f a i l , a r c F A I I w i l l b e i n i t i a t e d . T h e 
t w o c o m p e t i n g s y s t e m s t h e n m e r g e a t n o d e B E S T I w h i c h u s e s 
w e i g h t e d C O M P A R E l o g i c t o s e l e c t t h e w i n n i n g a r c . A p o s i ­
t i v e v a l u e f o r p e r f o r m a n c e i s u s e d h e r e s i n c e m a x i m u m r a n g e 
i s d e s i r e d . R e a l i z a t i o n o f o n e o f t h e f o u r a r c s e m a n a t i n g 
f r o m n o d e B E S T I w i l l s e l e c t t h e s y s t e m a n d c o n d i t i o n s f o r 
p h a s e I I o f t h e F a l c o n o p e r a t i o n a l t e s t . 
I n p h a s e I I , c o m p e t i n g l a s e r a n d m a n u a l r a d a r 
a s s i s t e d t r a c k i n g s y s t e m s a r e r e p r e s e n t e d b y s e p a r a t e 
p a t h s ( F i g u r e 6 ) . I n i t i a l v a l u e s o f t i m e , c o s t , a n d r a n g e 
a r e c o m p u t e d b y L A S T a n d c h e c k e d b y L A S Y 1 s F I L T 1 l o g i c t o 
i n s u r e t h a t t h e f i r i n g r a n g e i s i n e x c e s s o f 3 k i l o m e t e r s 
f r o m t h e f i r i n g s i t e . T h e d e g r a d a t i o n t o t h e s e b a s i c r a n g e 
v a l u e s , t h e r e l i a b i l i t y o f l a s e r a l t i t u d e t r a c k i n g , a n d 
i n c r e a s e d c o s t s o f l o w a l t i t u d e f l y i n g a r e c a r r i e d o n a r c s 
L T H A a n d L T M A . T h e s e v a l u e s a r e c o m p a r e d b y M I T K L a n d t h e 
a l t i t u d e f a c t o r y i e l d i n g t h e m i n i m u m r a n g e i s s e l e c t e d . 
S i m i l a r l y t h e r a n g e d e g r a d a t i o n , r e l i a b i l i t y o f l a s e r t r a c k ­
i n g u n d e r v a r i e d v i s i b i l i t y c o n d i t i o n s , a n d t h e h i g h e r c o s t s 
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a s s o c i a t e d w i t h r e s t r i c t e d v i s i b i l i t y f l y i n g a r e c a r r i e d 
o n a r c s HVLA a n d L V L A . A g a i n t h e m i n i m u m r a n g e i s s e l e c t e d 
b y M I L T V . A r c s BTLA a n d BTLB c a r r y a d d i t i o n a l s y s t e m a v a i l ­
a b i l i t y i n t o n o d e BESTK w h e r e t h e s y s t e m f a c t o r c o m b i n a t i o n 
p r o d u c i n g t h e b e s t f i r i n g r a n g e i s s e l e c t e d . T E R M T ' s F I L T l 
l o g i c c h e c k s t h i s s e l e c t e d s y s t e m t o i n s u r e t h a t i t h a s m e t 
m i n i m u m p e r f o r m a n c e s t a n d a r d s ( f i r i n g r a n g e g r e a t e r t h a n 
2 k i l o m e t e r s a t t h e c o m p l e t i o n o f t h e t r a c k i n g a n d f i r i n g 
p h a s e o f t h e o p e r a t i o n a l t e s t ) . 
S i n c e p e r f o r m a n c e v a l u e s a r e n o t t o b e c a r r i e d o v e r 
i n t o t h e d o c t r i n e p h a s e o f t h e t e s t , t h e y a r e s e t t o z e r o 
p r i o r t o t h e s t a r t o f p h a s e I I I o f t h e o p e r a t i o n a l t e s t . 
H e r e t h e t h r e e d o c t r i n e s p r o p o s e d b y TRADOC f o l l o w t h r e e 
s e p a r a t e p a t h s ( F i g u r e 7 ) . F o l l o w i n g t h e p a t t e r n s e t i n 
e a r l i e r p h a s e s , b a s i c c o s t , t i m e , a n d p e r f o r m a n c e d a t a i s 
c o m p u t e d b y t h e i n i t i a l a r c s ( R T D O , RSDO, a n d RMDO) a n d 
c h e c k e d t o i n s u r e t h a t m i n i m u m s t a n d a r d s a r e m e t . A l t e r ­
a t i o n s t o t h e s e b a s i c i n p u t s a r e c a r r i e d o n t h e w e a p o n s c o n ­
t r o l a r c s e m a n a t i n g f r o m n o d e s TOGDO, S E P D O , a n d MODDO. 
N o d e s MXRDT, M X R D S , a n d MXRDO a g a i n c h e c k t o i n s u r e t h a t 
t h e f i r i n g r a n g e i s i n e x c e s s o f 2 k i l o m e t e r s . A r c s E V T D , 
E V S D , a n d EVMD c a r r y s y s t e m a v a i l a b i l i t y d a t a a n d a c c u m u ­
l a t e d r a n g e f o r c o m p a r i s o n b y T E S T D . TESTD s e l e c t s t h e t w o 
d o c t r i n e s e n g a g i n g a i r c r a f t a t m a x i m u m r a n g e s f o r i n p u t i n t o 
p h a s e I V . 
T h e e f f e c t o f w e a p o n s c o n t r o l s t a t u s i s c a r r i e d i n t o 
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p h a s e IV ( F i g u r e 8) by t h e w i n n i n g a r c s e m a n a t i n g from 
TESTD. H e n c e , o n l y t h e d e g r a d a t i o n o f r a n g e e n c o u n t e r e d 
i n a l a r g e s c a l e t e s t n e e d b e r e p r e s e n t e d by a r c s LTD1, 
LTD2, and LTD3. Node COMPD s e l e c t s t h e w i n n i n g employment 
d o c t r i n e and node ADEQD c h e c k s t h e p e r f o r m a n c e o f t h i s 
d o c t r i n e f o r t h e minimum s t a n d a r d t h a t h a s b e e n r e f e r r e d 
t o . 
Node FAIL a c c u m u l a t e s f a i l u r e f l o w s and t h r o u g h 
FILT3 l o g i c w i l l t r a n s f e r t h a t f l o w t o node FAILP o n l y i f 
a r c STOP i s u n s u c c e s s f u l . S i m i l a r l o g i c w o u l d p r e v e n t t h e 
s i m u l t a n e o u s i n i t i a t i o n o f a r c s FAILTRN and BLCK, h e n c e , 
BOOTHILL's and l o g i c w i l l n e v e r be s a t i s f i e d . 
The Data 
The o p e r a t i o n a l t e s t d e s i g n e r h a s many s o u r c e s f o r 
d a t a t o p r o v i d e n e c e s s a r y d e t a i l f o r t h e m o d e l . Much o f 
t h e p e r f o r m a n c e , r e l i a b i l i t y , and c o s t d a t a h a s b e e n g e n e r ­
a t e d i n c o n t r a c t o r d e v e l o p m e n t a l t e s t s o r i n e a r l i e r o p e r a ­
t i o n a l t e s t s . I n l i e u o f t h e s e , t h e p r o c e d u r e s m e n t i o n e d 
e a r l i e r a s o u t l i n e d by D a l k e y [ 9 ] , N o r t h r o p [ 3 8 ] , and 
R a i f f a [47] may be u s e f u l f o r a s s i g n i n g n u m e r i c a l r e l a t i o n ­
s h i p s and p r o b a b i l i t y d i s t r i b u t i o n s t o v a l u e s f o r t i m e , 
c o s t , and p e r f o r m a n c e . Once i n i t i a l v a l u e s a r e a s s i g n e d , 
a n a l y s i s b e c o m e s p o s s i b l e t h r o u g h s y s t e m a t i c a l l y c h a n g i n g 
t h e s e v a l u e s . 
In m o s t c a s e s t h e a n a l y s t w i l l b e r e a s o n a b l y s u r e o f 
t h e r a n g e o f v a l u e s o v e r w h i c h a c t i v i t i e s w i t h i n t h e n e t w o r k 
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m o d e l w i l l v a r y . H o w e v e r , h e may n o t know t h e s h a p e o f 
t h e d i s t r i b u t i o n s w i t h i n t h a t o p e r a t i o n a l r a n g e . I n t h e 
a b s e n c e o f s u f f i c i e n t i n f o r m a t i o n , t h e a n a l y s t w o u l d m o s t 
l i k e l y a s s u m e t h a t h i s p r o b a b i l i t y d i s t r i b u t i o n s w e r e n o r ­
m a l . T h e y m a y , h o w e v e r , b e c o m p l e t e l y r a n d o m o v e r t h e 
i n t e r v a l ( u n i f o r m ) , s k e w e d t o t h e l e f t o r r i g h t (gamma) , 
o r some c o m b i n a t i o n o f t h e s e . T h e a n a l y s t i s a l s o c o n c e r n e d 
a b o u t t h e e f f e c t o f t h e v a l u e s a s s i g n e d t o d e t e r m i n e t h e 
c r i t i c a l p a t h a n d t h e e f f e c t o f p r e s e n t v a l u e d i s c o u n t i n g 
o n p r o j e c t c o s t s . 
T o i l l u s t r a t e t h e s e p o i n t s , VERT w a s u s e d t o a n a l y z e 
t h e F a l c o n o p e r a t i o n a l t e s t m o d e l . W i t h t h e e x c e p t i o n o f 
c o s t / t i m e d e p e n d e n c y r e l a t i o n s h i p s , i n i t i a l d a t a v a l u e s w e r e 
g i v e n n o r m a l d i s t r i b u t i o n s . S i n c e p e r f o r m a n c e i s c r i t i c a l 
i n t h e F a l c o n m o d e l , a p l u s o n e v a l u e o n p e r f o r m a n c e w a s 
a s s i g n e d f o r c r i t i c a l p a t h a n d o p t i m u m - t e r m i n a l n o d e a n a l y ­
s i s , a n d n o p r e s e n t v a l u e d i s c o u n t i n g w a s u s e d . A s u b s e ­
q u e n t r u n w i t h n o r m a l d a t a u s e d a m i n u s o n e v a l u e f o r p e r ­
f o r m a n c e i n c r i t i c a l p a t h a n d o p t i m u m - t e r m i n a l n o d e a n a l y s i s . 
S t i l l a n o t h e r r u n w i t h n o r m a l d a t a w a s u s e d t o t e s t t h e 
e f f e c t o f p r e s e n t v a l u e d i s c o u n t i n g o n F a l c o n c o s t v a l u e s . 
I n s u b s e q u e n t r u n s s t r i c t l y u n i f o r m d i s t r i b u t i o n s , g a m m a , 
a n d e x p o n e n t i a l d i s t r i b u t i o n s w i t h d i f f e r e n t m e a n s w e r e 
u s e d . 
A s u m m a r y o f d a t a i n p u t s i s i n c l u d e d i n A p p e n d i x I V . 
T a b l e 13 p r e s e n t s a c o m p a r i s o n o f c r i t i c a l p a t h v a r i a t i o n s 
b e t w e e n s p e c i f i e d r u n s . T a b l e 14 s u m m a r i z e s t h e c o m p a r i s o n 
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T a b l e 1 3 . F a l c o n C r i t i c a l P a t h C o m p a r i s o n s 
Node 1 l a 2 3 4 
START 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
BEGID 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
IMPSC . 5 5 8 . 6 0 0 . 5 8 0 . 560 . 5 1 0 
RADSC . 4 4 2 . 4 0 0 . 4 2 0 . 4 4 0 . 4 9 0 
MIIDI . 554 . 3 9 8 . 5 4 6 . 5 6 0 . 3 6 6 
MIIDR . 4 3 2 . 3 9 8 . 3 9 2 . 4 4 0 . 3 5 2 
BESTI . 9 8 6 . 9 8 6 . 9 3 8 . 9 9 2 . 7 1 8 
BEGTK . 9 8 6 . 9 8 6 . 9 3 8 . 9 9 2 . 7 1 8 
LASYS . 3 0 2 . 3 4 0 . 4 6 8 . 3 5 8 . 2 6 8 
MTSYS . 6 8 4 . 6 4 6 . 4 7 0 . 6 3 4 . 4 5 0 
MITKL . 3 0 0 . 3 3 8 . 4 4 2 . 3 5 6 . 2 0 0 
MITKM . 6 7 8 . 6 4 0 . 4 5 2 . 6 3 0 . 398 
LAWTR . 300 . 338 . 440 . 356 . 200 
MAWTR . 6 7 8 . 6 3 8 . 4 5 2 . 6 3 0 . 3 9 8 
MILTV . 3 0 0 . 3 3 8 . 4 4 0 . 3 5 6 . 2 0 0 
MI MTV . 6 7 8 . 6 3 8 . 4 5 2 . 6 3 0 . 3 9 8 
BESTK . 9 7 8 . 9 7 6 . 8 9 0 . 9 8 6 . 5 9 8 
TERMT . 9 6 8 . 9 6 6 . 8 8 4 . 9 7 8 . 5 9 8 
BEDOC . 9 5 8 . 9 4 8 . 8 4 6 . 9 5 4 . 5 2 2 
TOGDO . 1 2 4 . 3 7 6 . 1 9 8 . 2 5 4 . 1 4 4 
SEPDO . 1 6 8 . 4 0 2 . 2 3 2 . 2 5 4 . 0 9 0 
MODDO . 6 6 6 . 1 7 0 . 4 1 6 . 4 4 6 . 2 8 8 
VRCOG . 0 0 4 . 0 0 0 . 0 0 0 . 0 0 6 . 0 0 0 
MXRDT . 1 2 4 . 3 7 6 . 2 3 2 . 2 3 8 . 1 2 2 
MXRDS . 1 6 8 . 4 0 2 . 2 3 2 . 2 5 4 . 0 8 8 
MXRDO . 6 6 2 . 1 7 0 . 4 1 0 . 3 9 6 . 2 3 4 
TESTD . 9 5 4 . 9 4 8 . 8 3 2 . 880 . 4 4 4 
COMPD . 9 5 4 . 9 4 8 . 8 3 2 . 8 8 0 . 4 4 4 
ADEQD . 9 5 0 . 9 4 6 . 8 2 8 . 8 7 8 . 4 4 4 
FAIL . 0 5 0 . 0 5 4 . 1 7 2 . 1 2 8 . 5 6 2 
SUCCESS . 9 5 0 . 9 4 6 . 828 . 8 7 8 . 4 3 8 
FAILP . 0 5 0 . 0 5 4 . 1 7 2 . 1 2 8 . 5 5 2 
Arc 
ORGT 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
IMPR . 5 8 8 . 6 0 0 . 5 8 0 . 5 6 0 . 5 1 0 
RADR . 4 4 2 . 4 0 0 . 4 2 0 . 4 4 0 . 4 9 0 
FADT . 0 0 4 . 0 0 2 . 0 3 4 . 0 0 0 . 1 4 4 
IECO . 5 0 2 . 5 0 8 . 4 8 4 . 4 6 8 . 3 1 2 
IECF . 0 5 2 . 0 9 0 . 0 6 2 . 0 9 2 . 0 5 4 
FADR . 0 1 0 . 0 0 2 . 0 2 8 . 0 0 8 . 1 3 8 
RECO . 3 6 4 . 3 3 4 . 3 3 8 . 3 6 2 . 3 2 0 
RECF . 0 6 8 . 0 6 4 . 0 5 4 . 0 7 0 . 0 3 2 
FAII . 0 0 6 
BDOI . 5 0 2 . 5 0 2 . 4 8 4 . 4 6 8 . 3 1 2 
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T a b l e 1 3 . C o n t i n u e d 
Arc 1 l a 2 3 4 
DBF! . 0 5 2 . 0 9 0 . 0 6 2 . 0 9 2 . 0 5 4 
FAIR . 0 0 4 
BDOR . 3 6 4 . 3 3 0 . 3 3 8 . 3 6 2 . 3 2 0 
BDFR . 0 6 8 . 0 6 4 . 0 5 4 . 0 7 0 . 0 3 2 
ENDI . 5 0 2 . 5 0 2 . 4 8 4 . 4 6 8 . 3 1 2 
ENDD . 0 5 2 . 0 9 0 . 0 6 2 . 0 9 2 . 0 5 4 
ENDR . 3 6 4 . 3 3 0 . 3 3 8 . 3 6 2 . 3 2 0 
ENDB . 0 6 8 . 0 6 4 . 0 5 4 . 0 7 0 . 0 3 2 
LAST . 3 0 2 . 3 4 0 . 4 6 8 . 3 5 8 . 2 6 8 
MANT . 6 8 4 . 6 4 6 . 4 7 0 . 6 3 4 . 4 5 0 
FALT . 0 0 2 . 0 0 2 . 0 2 6 . 0 0 2 . 0 6 8 
LTHA . 2 7 6 . 3 2 0 . 3 6 6 . 3 4 0 . 1 8 2 
LTMA . 0 2 4 . 0 2 8 . 0 7 6 . 0 1 6 . 0 1 8 
F A M R . 0 0 6 . 0 0 6 . 018 . 0 0 4 . 0 5 2 
MTHA . 6 6 4 . 6 0 8 . 4 1 8 . 5 8 4 . 3 7 2 
MTMA . 0 3 4 . 0 3 2 . 0 3 4 . 0 4 6 . 0 2 6 
TSPL . 2 7 6 . 310 . 3 6 6 . 3 4 0 . 1 8 2 
TSML . 0 2 4 . 0 2 8 . 0 7 4 . 0 1 6 . 0 1 8 
TSPM . 6 4 4 . 6 0 6 . 4 1 8 . 5 8 4 . 3 7 2 
TSMM . 0 3 4 . 0 3 2 . 0 3 4 . 0 4 6 . 0 2 6 
HVLA . 1 4 6 . 1 5 6 . 1 8 0 . 1 7 6 . 0 9 2 
LVLA . 1 5 4 . 1 8 2 . 2 6 0 . 1 8 0 . 1 0 8 
HVMA . 1 0 4 . 0 8 0 . 0 8 6 . 0 9 2 . 0 6 8 
LVMA . 5 7 4 . 5 5 8 . 3 6 6 . 5 3 8 . 3 3 0 
BTLA . 1 4 6 . 1 5 6 . 1 8 0 . 1 7 6 . 0 9 2 
BTLB . 1 5 4 . 1 8 3 . 2 6 0 . 1 8 0 . 1 0 8 
BTMA . 1 0 4 . 0 8 0 . 0 8 4 . 0 9 2 . 0 6 8 
BTMB . 574 . 5 5 8 . 3 6 6 . 5 3 8 . 3 3 0 
MPEl . 1 4 6 . 1 5 6 . 1 8 0 . 1 7 6 . 0 9 2 
MPE 2 . 1 5 4 . 1 7 4 . 2 6 0 . 1 7 8 . 1 0 8 
MPE3 . 1 0 2 . 0 8 0 . 0 8 0 . 0 9 0 . 0 6 8 
MPE 4 . 5 6 6 . 5 5 6 . 3 6 4 . 534 . 3 3 0 
FATK . 0 1 0 . 0 1 0 . 0 0 6 . 0 0 8 
FSYS . 0 1 0 . 0 1 8 . 0 3 8 . 0 2 4 . 0 7 6 
LODC . 9 5 8 . 9 4 8 . 8 4 6 . 9 5 4 . 5 2 2 
RTDO . 1 2 4 . 3 7 6 . 1 9 8 . 2 5 4 . 1 4 4 
RSDO . 1 6 8 . 4 0 2 . 2 3 2 . 2 5 4 . 0 9 0 
RMDO . 6 6 6 . 1 7 0 . 4 1 6 . 4 4 6 . 2 8 8 
FATO . 0 0 6 . 0 1 6 . 0 2 2 
WFDT . 1 2 4 . 1 9 2 . 2 3 8 . 1 2 2 
WTDT . 3 7 6 
WFDS . 1 6 8 . 2 3 2 . 2 5 4 . 0 8 8 
WTDS . 4 0 2 
FAMO . 0 5 4 
WTDM . 0 0 4 . 0 0 6 . 0 4 4 
WFDM . 6 6 2 . 1 7 0 . 4 1 0 . 3 9 6 . 2 3 4 
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T a b l e 1 3 . C o n t i n u e d 
Arc 1 l a 2 3 4 
FAMT . 0 0 2 . 0 0 4 
FRCO . 0 0 4 . 0 0 6 
EVTD . 1 2 4 . 3 7 6 . 1 9 0 . 2 3 4 . 1 2 2 
EVSD . 1 6 8 . 4 0 2 . 2 3 2 . 2 5 0 . 0 8 8 
EVMD . 6 6 2 . 1 7 0 . 4 1 0 . 3 9 6 . 2 3 4 
LTD1 . 1 1 6 . 1 0 0 . 1 9 0 . 2 2 4 . 1 2 4 
LTD2 . 1 5 0 . 1 3 6 . 2 2 0 . 2 4 0 . 0 8 2 
LTD3 . 6 8 8 . 7 1 2 . 4 2 2 . 4 1 6 . 2 3 8 
FADB . 0 0 4 . 0 0 2 . 0 0 4 . 0 0 2 
BES1 . 1 1 6 . 1 0 0 . 1 9 0 . 2 2 4 . 1 2 4 
BES2 . 1 5 0 . 1 3 4 . 2 1 6 . 2 4 0 . 0 8 2 
BES 3 . 6 8 4 . 7 1 2 . 4 2 2 . 4 1 1 . 2 3 8 
FAAP . 0 0 6 . 006 
STOP . 9 5 0 . 9 4 6 . 8 2 8 . 8 7 2 . 4 3 8 
FDEC . 0 5 0 . 0 5 4 . 1 7 2 . 1 2 8 . 5 6 2 
N o t e : The v a l u e s computed i n c o l u m n s 1 , 2 , 3 , and 
4 w e r e o b t a i n e d by a s s i g n i n g a + 1 . 0 t o p e r f o r m a n c e i n t h e 
w e i g h t e d c r i t i c a l - o p t i m u m p a t h a n a l y s i s , h e n c e t h e s e l e c ­
t i o n c r i t e r i a i s t h e w o r s t p e r f o r m a n c e v a l u e . Column l a 
was o b t a i n e d u s i n g t h e o p p o s i t e v a l u e ( - 1 ) . 
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Table 1 4 . Falcon Distribution Statistics 
Parameter Statistic 1 2 3 4 
Time 1 2 . 0 8 2 . 1 2 2 . 1 4 2 . 0 3 
2 2 . 1 0 2 . 1 0 2 . 3 6 * 
3 .31 . 3 8 . 3 4 . 3 6 
4 . 0 6 . 06 . 6 2 * 
5 . 1 5 . 1 8 . 1 6 . 1 8 
6 2 . 3 1 2 . 5 2 2 . 7 1 2 . 6 5 
Cost 1 4 3 . 8 0 4 3 . 0 0 7 4 . 0 7 6 5 . 9 1 
2 4 3 . 5 1 4 3 . 9 6 7 6 . 0 6 6 2 . 1 3 
3 3 . 9 8 6 . 7 7 1 0 . 6 6 1 2 . 5 0 
4 . 0 7 . 1 4 . 1 9 . 3 0 
5 . 0 9 . 1 6 . 1 4 . 1 9 
6 3 . 1 7 2 . 6 9 2 . 7 4 2 . 8 5 
Range 1 1 9 . 1 7 1 7 . 8 4 1 8 . 4 7 1 0 . 6 5 
2 1 8 . 7 1 1 8 . 6 3 1 8 . 8 0 5 . 4 6 
3 6 . 1 2 7 . 9 6 6 . 5 0 7 . 8 7 
4 . 0 8 . 1 0 . 0 5 . 6 6 
5 . 32 . 4 5 . 3 5 . 7 4 
6 2 . 6 1 2 . 4 2 2 . 6 1 2 . 9 1 
Time 1 3 . 7 7 4 . 2 8 4 . 1 6 4 . 0 0 
2 3 . 8 3 4 . 5 9 4 . 8 4 4 . 9 6 
3 . 7 5 . 7 0 . 9 7 1 . 0 0 
4 . 0 7 . 4 4 .71 . 9 6 
5 . 2 0 . 1 6 . 2 3 . 2 5 
6 2 . 4 0 2 . 5 1 1 . 9 7 2 . 0 0 
Cost 1 9 5 . 8 7 1 0 6 . 4 6 1 6 7 . 9 5 1 5 4 . 3 6 
2 8 9 . 7 7 1 1 1 . 3 3 1 6 9 . 8 6 * 
3 1 5 . 0 3 1 6 . 3 3 3 7 . 3 3 3 5 . 5 4 
4 .41 > . 3 0 . 0 5 * 
5 . 1 6 . 1 5 . 2 2 . 2 3 
6 2 . 6 8 2 . 9 3 2 . 3 5 2 . 4 5 
Range 1 1 4 . 6 4 1 2 . 8 1 1 3 . 9 0 8 . 3 2 
2 1 3 . 8 4 1 3 . 1 8 1 4 . 7 9 * 
3 6 . 2 4 7 . 5 7 6 . 6 4 7 . 2 7 
4 . 1 3 . 0 5 . 1 3 * 
5 . 4 3 . 5 9 . 4 8 . 8 7 
6 2 . 4 4 2 . 2 5 2 . 5 9 2 . 9 2 
Time 1 8 . 3 5 1 0 . 2 0 8 . 7 6 8 . 5 4 
2 8 . 5 5 9 . 8 7 8 . 8 2 * 
3 . 9 2 1 . 1 6 1 . 0 9 1 . 1 3 
4 . 2 3 . 2 9 . 0 6 * 
5 .11 .11 . 12 . 1 3 
6 2 . 4 6 2 . 5 8 2 . 4 2 2 . 1 6 
Cost 1 1 7 1 . 3 0 2 0 0 . 7 1 3 2 0 . 0 0 3 0 8 . 8 7 
2 1 6 3 . 5 3 2 0 1 . 3 2 3 0 4 . 4 4 3 1 8 . 2 2 
3 1 5 . 7 2 1 9 . 7 8 3 8 . 6 6 3 6 . 4 2 






Table 14. Continued 
Composite Parameter Statistic 2 3 4 
5 .09 .10 .12 .12 
6 2 .56 2.85 2.31 2 .49 
Range 1 9 .62 11.70 11.66 8 .15 
2 9 .89 * 18.04 6 .80 
3 1 .87 3.85 5.02 4 .30 
4 .15 * 1.27 .31 
5 .19 .33 .43 .53 
6 2 .79 2.41 1.81 2 .83 
COMPOSITE Time 1 8 .11 9.23 8.38 6 .03 
2 8 .50 10.10 9.00 4 .77 
3 1 .38 2.49 1.62 * 2 .68 
4 .28 .35 .38 .47 
5 .17 .27 .19 .44 
6 7 .85 3.77 4.49 1 .67 
Cost 1 166 .75 182.07 308.43 214 .00 
2 168 .49 202.51 * 
3 26 .13 47.58 55.23 103 .36 
4 .07 .43 * * 
5 .16 .26 .18 .48 
6 10 .58 4.36 5.41 1 .62 
Range 1 9 .25 9.87 10.70 5 .20 
2 8. 84 * * 5 .99 
3 2. 55 5.46 5.78 4 .51 
4 16 * * .17 
5 .28 .55 .54 .87 
6 6. 15 2.58 2.37 3 .66 
Notes: * indicates a multimodal distribution; 1 = Mean; 2 = 
Mode; 3 = Standard Error; 4 = Pearsonian Measure of Skewness; 5 = 
Coefficient of Variation; 6 = Beta 2 Measure of Kurtosis. 
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s t a t i s t i c s a n d T a b l e 1 5 s u m m a r i z e s t h e o p t i m u m - t e r m i n a l n o d e 
s e l e c t i o n . S i n c e r i s k i s o f c o n c e r n h e r e , a n d a n e t w o r k h a s 
b e e n c o n s t r u c t e d w h i c h a g g r e g a t e s a l l f a i l u r e s i n t o a s i n g l e 
n o d e , t h e r i s k i n a s e t o f i n p u t s i s r e p r e s e n t e d b y t h e p e r ­
c e n t a g e o f t i m e t h a t n o d e F A I L P i s r e a l i z e d i n T a b l e 1 5 . 
T a b l e 1 5 . F a l c o n O p t i m u m - T e r m i n a l N o d e S e l e c t i o n s 
1 2 3 4 
SUCCESS . 9 5 0 . 8 2 8 . 8 7 2 . 4 3 0 
F A I L P . 0 5 0 . 1 7 2 . 1 2 8 . 5 6 2 
A l t h o u g h t h e d a t a i s l i s t e d i n VERT i n p u t f o r m a t i n 
A p p e n d i x I V a n d a c a p s u l e s u m m a r y g i v e n e a r l i e r , a r e c a p 
w i l l a i d i n t h e r e a d e r ' s a n a l y s i s o f t h e r e s u l t s t a b u l a t e d 
i n T a b l e s 1 3 , 1 4 , a n d 1 5 . C o l u m n s 1 a n d l a r e p r e s e n t d a t a 
w h i c h i s e s s e n t i a l l y n o r m a l . T i m e i s i n d e p e n d e n t o f p e r f o r m ­
a n c e b u t some c o s t s i n t h e m o d e l a r e t i e d t o t h e a m o u n t o f 
t i m e n e c e s s a r y t o c o n d u c t t h e t e s t a n d t h e n u m b e r o f a i r ­
c r a f t s o r t i e s r e q u i r e d i n t h e c o n d u c t o f t h e t e s t . T h e 
d i f f e r e n c e i n t h e s e t w o c o l u m n s l i e s i n t h e v a l u e c h o s e n t o 
a n a l y z e t h e c r i t i c a l - o p t i m u m p a t h a n d t h e o p t i m u m - t e r m i n a l 
n o d e . I n VERT r u n s l i s t e d i n c o l u m n s 1 , 2 , 3 , a n d 4 a p l u s 
o n e v a l u e f o r p e r f o r m a n c e w a s g i v e n t o c o n d u c t t h e s e a n a l y ­
s e s a n d i n c o l u m n l a a m i n u s o n e v a l u e w a s g i v e n t o p r o d u c e 
c o m p a r i s o n d a t a . C o l u m n 2 F a l c o n r e s u l t s a r e f r o m d a t a 
w h i c h u s e s t h e same e n d p o i n t s a n d c o s t / t i m e d e p e n d e n c i e s 
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w i t h u n i f o r m d i s t r i b u t i o n s . T h e r e s u l t s o f t h e VERT a n a l y ­
s i s o f t h e F a l c o n a i r d e f e n s e o p e r a t i o n a l t e s t g i v e n i n 
c o l u m n s 3 a n d 4 c o m b i n e i n d e p e n d e n t g a m m a , e x p o n e n t i a l , a n d 
n o r m a l p e r f o r m a n c e d i s t r i b u t i o n s . T i m e d i s t r i b u t i o n s a r e 
c o m b i n e d f r o m n o r m a l a n d t r i a n g u l a r d i s t r i b u t i o n s a n d c o s t 
d i s t r i b u t i o n s a r e a g g r e g a t e d f r o m e x p o n e n t i a l a n d n o r m a l 
d i s t r i b u t i o n s . Some c o s t s i n t h e s e r u n s a r e s t i l l r e l a t e d 
t o t i m e v a l u e s c o m p u t e d d u r i n g t h e a n a l y s i s . T h e d i f f e r e n c e 
i n t h e s e t w o c o l u m n s i s t h e a l t e r a t i o n o f t h e m e a n f o r many 
p e r f o r m a n c e d i s t r i b u t i o n s a n d t h e a d d i t i o n o f e x p o n e n t i a l 
c o s t s f o r some v a l u e s i n c o l u m n 4 . T h r o u g h o u t t h e a n a l y s i s 
t h e i n t e g r i t y o f t h e e n d p o i n t s w a s m a i n t a i n e d . 
T a b l e 13 i n d i c a t e s t h a t t h e c r i t i c a l p a t h t h r o u g h t h e 
n e t w o r k i s s e n s i t i v e t o t h e v a l u e a s s i g n e d t o t h e a n a l y s i s 
i n p h a s e I I I o f t h e t e s t . T h e c r i t i c a l p a t h e n c o u n t e r e d b y 
s e l e c t i n g a r c s w h i c h p r o v i d e t h e l e a s t p e r f o r m a n c e ( p o s i t i v e 
v a l u e ) a r e t h o s e w h i c h r e p r e s e n t t h e F a l c o n o n l i n e b u t 
s e p a r a t e e m p l o y m e n t d o c t r i n e . T h e o t h e r t w o p a t h s s h a r e 
e v e n l y t h e r e m a i n i n g t i m e p e r c e n t a g e i n t h e c r i t i c a l p a t h 
a n a l y s i s . When t h e b e s t p e r f o r m a n c e i s s p e c i f i e d i n t h e 
a n a l y s i s ( n e g a t i v e v a l u e s ) t h e c o m p l i m e n t o f t h i s i s t r u e . 
A r e v i e w o f t h e t e s t d e s i g n p l a n p o i n t s o u t t h a t r u n n u m b e r 
l a p r o v i d e s t h e d e s i r e d c o m b i n a t i o n i n a l l p h a s e s . R e g a r d ­
l e s s o f t h e i n t e r n a l c h a n g e s , l i t t l e c h a n g e i s n o t e d i n t h e 
s e l e c t i o n o f t h e o p t i m u m - t e r m i n a l n o d e . 
T h e c o m p a r e l o g i c e m b e d d e d i n t h e m o d e l a p p e a r s t o 
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f i l t e r o u t t h e e f f e c t o f t h e c o n d i t i o n s s e l e c t e d r e g a r d l e s s 
o f t h e c o m b i n a t i o n s o f d i s t r i b u t i o n s w h i c h l e a d t o t h e s e 
f a c t o r s . F o r e x a m p l e , i n p h a s e I t h e i m p r o v e d r a d a r o p e r ­
a t i n g i n a n ECM e n v i r o n m e n t i s t h e s e l e c t e d c o m b i n a t i o n i n 
r u n n u m b e r s 1 , l a , 2 , a n d 3 a n d n e a r l y e v e n i n r u n n u m b e r 4 . 
H i g h a l t i t u d e , l o w v i s i b i l i t y m a n u a l r a d a r a s s i s t e d t r a c k i n g 
i s t h e s e l e c t e d c o m b i n a t i o n a t t h e e n d o f p h a s e I I . T h e 
s e p a r a t e b u t o n l i n e d o c t r i n e i s a c l e a r w i n n e r i n p h a s e s 
I I I a n d I V . I n b o t h t h e s e p h a s e s t h e o t h e r t w o d o c t r i n e s 
c o m p e t e e v e n l y f o r s e c o n d p l a c e . W i t h e s s e n t i a l l y n o r m a l 
a n d u n i f o r m d i s t r i b u t i o n s , t h e o n l y c a u s e f o r p r o j e c t f a i l u r e 
( r e a l i z a t i o n o f n o d e F A I L P ) w a s t h e m u l t i p l e f a i l u r e o f t e s t 
p a t h s f o r i n d i v i d u a l c o m p o n e n t s . When e x p o n e n t i a l , n o r m a l , 
a n d gamma p e r f o r m a n c e d i s t r i b u t i o n s w e r e c o m b i n e d , a s m a l l 
p e r c e n t a g e o f p r o j e c t f a i l u r e s o c c u r r e d t h r o u g h t h e f a i l u r e 
o f t h e e m p l o y m e n t d o c t r i n e t e s t t o m e e t m i n i m u m s t a n d a r d s 
( I n i t i a t i o n o f a r c F A A P ) . 
W i t h o n l y o n e e x c e p t i o n , n o n e o f t h e d i s t r i b u t i o n s 
c o m p i l e d b y VERT f o r t h e F a l c o n r u n s a r e m a r k e d l y s k e w e d ; 
h o w e v e r , n u m e r o u s i n c i d e n t s o f b i m o d a l d i s t r i b u t i o n s w e r e 
i d e n t i f i e d . T h e m e a n , m o d e , a n d s t a n d a r d d e v i a t i o n i n c r e a s e 
s u c c e s s i v e l y i n r u n n u m b e r s 1 , 2 , a n d 3 f o l l o w e d b y a 
m a r k e d d e c r e a s e i n r u n n u m b e r 4 . T h e r e i s n o o b v i o u s p a t ­
t e r n t o P e a r s o n ' s m e a s u r e o f s k e w n e s s . O n l y t h e c o m p o s i t e 
t e r m i n a l n o d e s h o w s s i g n i f i c a n t k u r t o s i s . T h e c o m p i l a t i o n 
o f n o r m a l d a t a r e s u l t e d i n a m a r k e d l y l e p t o k u r t i c ( p e a k e d ) 
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c u r v e . A t t h e o t h e r e x t r e m e t h e c o m b i n a t i o n o f d i s t r i ­
b u t i o n s r e p r e s e n t e d i n r u n n u m b e r 4 r e s u l t e d i n a m a r k e d l y 
p l a t y k u r t i c ( f l a t ) c u r v e f o r t h e c o m p o s i t e t e r m i n a l n o d e . 
T h e c o e f f i c i e n t o f v a r i a t i o n i n d i c a t e s o n l y s c a t t e r e d 
i n s t a n c e s o f w i d e l y d i s p e r s e d d i s t r i b u t i o n s . I f a p a t t e r n 
p e r s i s t s h e r e , i t i s t h a t t h e u n i f o r m d a t a i n r u n n u m b e r 2 
a n d t h e m i x e d d i s t r i b u t i o n d a t a i n r u n n u m b e r 4 a r e s p r e a d 
t o a g r e a t e r d e g r e e t h a n t h e n o r m a l d a t a o f r u n n u m b e r 1 a n d 
t h e m i x e d d i s t r i b u t i o n d a t a i n r u n n u m b e r 3 . I t i s o b v i o u s 
f r o m T a b l e 15 t h a t r i s k i n t h e F a l c o n m o d e l i s s e n s i t i v e t o 
t h e m e a n o f t h e d i s t r i b u t i o n . I t a l s o a p p e a r s t h a t d e v i a t i o n s 
f r o m t h e n o r m i n c r e a s e t h e r i s k t h a t t h e F a l c o n o p e r a t i o n a l 
t e s t w i l l n o t a c h i e v e d e s i r e d s t a n d a r d s . 
A n o t h e r u s e f u l t o o l p r o v i d e d b y V E R T o u t p u t i s t h e 
c u m u l a t i v e h i s t o g r a m . F i g u r e 9 i s a n i l l u s t r a t i o n o f t h i s 
o u t p u t f r o m r u n n u m b e r 1 . T h r o u g h t h i s g r a p h t h e a n a l y s t 
c a n a s c e r t a i n t h e r i s k a s s o c i a t e d w i t h s p e c i f i c v a l u e s . 
F i g u r e 9 i n d i c a t e s , f o r e x a m p l e , t h a t t h e r e i s a n 80 p e r c e n t 
c h a n c e t h a t t h e c o s t o f t h e F a l c o n o p e r a t i o n a l t e s t u s i n g 
n o r m a l d a t a w i l l b e l e s s t h a n $ 1 7 7 , 6 2 3 u s i n g 90 a i r c r a f t 
s o r t i e s , h e n c e , t h e r e i s a 20 p e r c e n t r i s k t h a t i t w i l l e x ­
c e e d t h a t v a l u e . 
Y e t a n o t h e r u s e f u l t o o l p r o v i d e d b y V E R T a r e t h e 
c o r r e l a t i o n g r a p h s . F i g u r e 10 i s a n e x a m p l e o f s u c h a g r a p h 
f r o m r u n n u m b e r 4 . I t i s i n t e r e s t i n g t o n o t e h e r e t h a t a l ­
t h o u g h t i m e a n d p e r f o r m a n c e h a v e n o d e p e n d e n c y r e l a t i o n s h i p s . 
OVEKALL COST FOR THE: COMPOSITE TERMINAL NODE 
><?D . 0 5 ' . 10 . 1 5 . 2 0 . 2 5 CFO .1 . 2 . 3 . 4 . 5 . 6 . 7 - .8 . 9 1.0 
3 1 . 5 7 O H 





.con . 0 0 4 
3 8 . 8 7 3 7 38.87P.7 
.000 . 0 0 4 
4 6 . 1 6 1 3 4 6 . 1010 
.002 . 006 
53.4CJ33 5 3 . 4 8 3 3 
.006 I * . 0 1 2 
o 0 . 7 o 5 b 6 0 . 7 8 5 6 
,008 I* .020 
fa8.Qd79 6 0 . 0 8 7 9 
.010 I * . 0 3 0 
75 .390J 7 5 . 3 9 0 3 
.004 I** . 0 3 4 
82 . 6 9 2 6 8 2 . 6 9 2 6 
.004 I ** . 0 3 8 
U9.9949 09 . 9 9 4 9 
.002 I** .040 
9 7 . 2 9 7 ^ 97 .2972 
. 0 0 0 I* . . . . . 040 
104 . 5995 104 .5995 
.002 I** . 0 4 2 
111 .9016 111 .9018 
.000 I** . 0 4 2 
119 .2042 119 .2042 
.002 I** . 0 4 4 
126 .5065 126 .5065 
. o n o I** .044 
133 ,a06e 133.80P8 
.008 . 052 
m . i n i 141 .1111 
I******* , 072 I ****** . 1 2 4 
1 4 8 . 4 l 3 i . 148 .4134 
. 078 I********** .202 
155 ,7157 155 .7157 
I*************** . 156 I****************** . 3 5 8 
163 .0J81 163 .0181 
I**************** .162 I************************** .520 
170.320H 170 .3204 
I*************** .160 I ********************************** .680 
177.t ,227 177 .6227 
I*********** .120 I **************************************** .400 
ll><+.925c 184 .9250 
It******** . 098 I********************************************* . 8 9 8 
192.2 i .73 192 .2273 
1 * * * * * * . 0 6 6 I ************************************************ . 964 
199 .5296 199 .5296 
I * * .024 I ************************************************* . 9 8 8 
F i g u r e 9 . C o s t H i s t o g r a m Run N u m b e r 1 
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- . F A N S P L O T T P ' G 1 0 O P M O K L P ^ L U T ^ F F " L»M T T C F L L ) 
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 rOr.T{y) " = 
xxAXAXxvAXAXxvxyxxxxAxxvxxxx>.yxyvxxxxYyy C O F I T ( Y ) V'S r
rRFOPMA f T L ( X ) K = . 4 B PFKFOKMANCE( Y ) VS T L H C ( X ) R - . 5 1 
A X X x x x x x x x x Y x y y v x y V Y ^ X Y Y X X X X X X X X A X X X A A X X A A X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X A X X X X X X Y X X X X Y 2 "> Y 
Y . . . . . - . - i . . 1 - - Y 
Y 1 1 1 ' Y 
Y 1 1 4 2 11111 Y 
Y 1 3 1 1 2 1 3 1 Y 
Y 1 2 1 2 1 1 4 2 1 1 Y 
Y 2 ' U I N ? J I 1 Y 
Y ? 1 < ; 3 2 1 3 2 1 • . _ . . Y 
Y 1 U * 2 2 3 2 1 1 Y 
Y 2 2 I 2 3 1 4 1 1 1 2 Y 
Y 1 U 1 1 4 1 1 1 Y 
Y - > ? 1 1 5 1 2 1 Y 
Y 1 1 < ; 3 3 3 1 1 Y 
Y . ... . 1 1 1 J . 1 1 2 . 1 1 — 1 X-
Y 1 L I T : . 1 3 1 Y 
Y 1 3L» 5 1 Y 
Y 1 L 4 I L L L 1 1 ? Y 
Y 1 2 2 < : 2 1 1 1 1 Y 
Y 1 - u I 1 1 1 1 1 Y 
Y 1 1 1 Y 
Y 1 1 1 1 Y 
Y 1 1 1 2 1 Y 
Y 1 o 1 2 1 1 1 Y 
Y 1 . . . . 1 2 2 X 2 1 2 , Y 
Y 1 1 2 L ? J I L L 1 11 1 Y 
Y . . . 2 . 1 1 2 1 2 ' 3 1 2 3 L X Z ...... Y 
Y 1 2 2 3 ' 1 3 2 M I Y 
Y L I . L I L 1 I_ 2 2 2 1 A. 1 Y 
Y 1 2 1 22 "> 1 1 1 Y 
Y L L J 2 1 1 . 1 Y 
Y 1 1 2 ? 1 Y 
Y 1 _ 3 . ! _._ 1 Y 
Y 1 X 3 1 2 ? Y 
Y 1 «_ < * 2 1 1 2 L Y L 
Y 3 - I 3 2 I ] Y 
Y 1 4 * I 2 ' H J Y 
Y 2 3 . - 1 2 1 Y 
Y 3 4 T 2 . . . .... Y 
Y " + 4 1 Y 
Y L Y 
1 
1 
1 1 1 1 1 1 1 1 
2 1 1 1 
L L ? ? 1 
1 ? 1 1 2 1 J 
2 1 1 1 1 
3 1 4 2 1 1 1 1 -
1 1 3 1 1 
1 1 







I 3 1 
1 1 1 ? 
2 1 1 2 2 1 1 2 1 2 1 
1 1 1 2 3 2 1 2 1 1 3 1 
I I L L L ' M J 1 5 2 « U 1 1 1 1 1 2 1 
I ' L L ? 2 1 1 1 L H I 
1 2 1 3 1 2 2 2 1 2 1 1 . 1 1 . 1 
1 * 2 1 V 2 U 5 2 1 2 1 2 1 
' ? M 3 L L ? 2 « * L 1 1 
I I * 1 2 1 3 1 I 1 
I I I 1 2 2 1 2 2 
1 1 1 1 
1 1 3 ^ 
? 1 1 
1 
3 1 1 2 
1 1 1 
1 
1 1 
1 1 1 
1 ? 2 1 4 L 
1 1 2 ? I ' L 2 1 1 
1 1 9 1 1 ? 1 L 
' . . . . 1 ^ 1 1 3 2 1 
1 1 1 3 V 1 1 \ 1 
1 1 3 3 1 2 I 
1 1 2 1 2 2 1 1 2 2 1 2 
1 1 1 U 3 1 2 1 1 
H I ' 1 1 1 3 1 1 
2 2 2 ' * 1 2 « * ' * 3 2 2 2 
1 3 ? 1 2 L ? L H T 
1 1 
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1 1 1 





Y I L L 
Y 1 
2 
2 1 1 
1 1 2 2 1 1 
1 1 1 1 1 
1 1 
1 1 1 












































1 1 1 
I 2 3 T L L 1 1 4 . 
2 3 1 1 1 3 1 1 H I 
3 3 1 1 1 1 1 1 
1 1 3 1 1 2 1 1 1 3 1 1 
2 1 1 1 3 L . 2 3 1 1 1 
1 1 2 2 1 1 1 3 2 
1 3 1 1 1 1 1 2 2 2 4 1 3 ' * 
2 1 1 2 1 1 4 2 3 2 5 1 2 3 
4 1 2 2 1 1 2 1 1 2 1 1 _ 
1 1 1 2 1 
1 2 _ 2 _ 1 2 2 2 1 _ 1 _ 
1 1 1 2 1 2 1 
2 1 
1 1 1 1 1 
. 2 
1 
1 2 2 2 2 Y 
1 2 1 1 1 1 1 Y 
1 3 1 1 1 1 1 2 2 1 Y 
1 1 2 U 1 1 1 1 1 Y 
1 1 1 1 1 1 1 2 1 2 Y 
1 1 1 2 4 1 1 1 1 1 1 2 3 Y 
3 2 L L 2 H I L 3 2 2 1 Y 
1 3 1 2 2 1 1 1 1 1 1 1 Y 
1 1 2 3 1 1 1 3 1 1 1 Y 
1 1 2 1 1 , 1 1 2 1 . 1 3 1 Y 
1 1 1 2 1 2 2 2 1 1 Y 
1 1 2 4 1 Y 
1 1 2 1 2 1 1 2 2 2 1 Y 
1 1 Y 
1 Y 
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H O T R P / > T N COST WAS "SLH I M THIS PLOT 
F i g u r e 1 0 . C o r r e l a t i o n P l o t s Run Number 4 00 CO 
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t h e y a p p e a r t o f o l l o w a n e x p o n e n t i a l p a t t e r n . P e r h a p s t h e 
d e c i s i o n - m a k e r w i l l e l e c t t o e x t e n d t h e t i m e a l l o c a t i o n t o 
g a i n t h e e x p o n e n t i a l i n c r e a s e i n p e r f o r m a n c e . 
T h i s a n a l y s i s i s b y n o m e a n s c o m p l e t e , b u t m e r e l y 
i l l u s t r a t i v e o f t h e v e r s a t i l i t y o f V E R T a s a t o o l t o a n a l y z e 
a n e t w o r k m o d e l . F i f t e e n t r i a l r u n s w e r e u s e d f r o m w h i c h t h e 
f i v e e x a m p l e s w e r e c h o s e n t o i l l u s t r a t e h e r e . F u r t h e r i n ­
v e s t i g a t i o n s a r e n e c e s s a r y i n v o l v i n g m o d e l c h a n g e s , s e n s i ­
t i v i t y t o t h e e n d p o i n t s , a n d o t h e r i n d i v i d u a l d i s t r i b u t i o n 
a n d d e p e n d e n c y c h a n g e s . T h e e x t e n s i v e a r r a y o f l o g i c a n d 
t r a n s f o r m a t i o n s p e r m i t s t h e a n a l y s t t o e x p l o r e a n y n u m b e r o f 
l i n e a r o r n o n l i n e a r , u n i v a r i a t e , o r m u l t i v a r i a t e p a r a m e t e r 
r e l a t i o n s h i p s . B a s i c t o t h i s e n t i r e d i s c u s s i o n , h o w e v e r , i s 
t h e f a c t t h a t t h e a n a l y s t , t e s t d e s i g n e r , o r t e s t e v a l u a t o r 
c a n n o w f o c u s h i s e f f o r t s o n t h e a c c u r a c y o f t h e a c t i v i t y 
o r s u b t e s t i n p u t s i n l i e u o f t h e m o r e m a s s i v e p r o b l e m s o f 
t h e i n t e r r e l a t i o n s h i p s o f t h e p a r a m e t e r s o r t h e a g g r e g a t i o n 
o f t h e s e v a r i a b l e s i n t o a t o t a l p r o f i l e . F a l c o n h a s s h o w n 
q u i t e c l e a r l y t h a t c o m p l e x i n t e r a c t i o n s i n t e s t d e s i g n c a n 




CONCLUSIONS AND RECOMMENDATIONS 
C o n c l u s i o n s 
O p e r a t i o n a l t e s t s a r e a s u b a c t i v i t y o f t h e t o t a l 
m a t e r i a l a c q u i s i t i o n d e v e l o p m e n t c y c l e . T h e y c o n t a i n w i t h i n 
t h i s s u b a c t i v i t y a n u m b e r o f a d d i t i o n a l a c t i v i t i e s , s u b t e s t s , 
o r s u b p r o g r a m s . E a c h o f t h e s e a c t i v i t i e s o r s u b t e s t s h a s r e ­
l a t e d f u n c t i o n a l v a l u e s . T h e s e v a l u e s may b e d e t e r m i n i s t i c , 
s t o c h a s t i c , o r s o m e m a t h e m a t i c a l t r a n s f o r m a t i o n o f a v a l u e 
c o m p u t e d i n a n e a r l i e r a c t i v i t y . T h e s e a c t i v i t i e s l e a d t o 
m i l e s t o n e s o r e v e n t s a n d t h e o u t c o m e o f t h e o p e r a t i o n a l t e s t 
c a n b e r e p r e s e n t e d b y a s e t o f s u c c e s s f u l a n d a s e t o f u n ­
s u c c e s s f u l e v e n t s . T h i s s e t o f c o n d i t i o n s d e s c r i b e s a 
s t o c h a s t i c n e t w o r k . Of t h e n e t w o r k a n a l y s i s t o o l s , n e t w o r k 
s i m u l a t i o n a f f o r d s t h e g r e a t e s t v e r s a t i l i t y a n d f l e x i b i l i t y 
i n m o d e l i n g t h i s s e t o f c o n d i t i o n s . Of t h e f a m i l y o f n e t ­
w o r k s i m u l a t i o n p r o g r a m s t w o p r o g r a m s h a v e e v o l v e d a s u s e f u l 
a n a l y s i s t o o l s t o a s s e s s r i s k , SOLVNET a n d VERT. 
V E R T ' s e x t e n s i v e o u t p u t , r e d i m e n s i o n i n g c a p a b i l i t y , 
f l e x i b l e n o d e l o g i c , e x t e n s i v e n u m b e r o f p r o b a b i l i t y d i s t r i ­
b u t i o n s , a n d m a t h e m a t i c a l t r a n s f o r m a t i o n s a n d s i m u l t a n e o u s 
a c c u m u l a t i o n o f t h e t h r e e p r i n c i p a l d i m e n s i o n s o f t i m e , c o s t , 
a n d p e r f o r m a n c e i n t o t h e " f o u r t h d i m e n s i o n " r i s k make i t t h e 
b e s t c h o i c e f o r m o d e l i n g e x t e n s i v e p r o b l e m s i n a d e c i s i o n 
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e n v i r o n m e n t . SOLVNET i s b e t t e r s u i t e d t o p r o b l e m s i n t h e 
t i m e / c o s t p l a n e w h i c h a r e c h a r a c t e r i z e d by e x t e n s i v e 
d e p e n d e n c y i n t e r a c t i o n s . 
The e x t e n s i o n o f t h i s c o n c e p t t o t h e c o n d u c t o f r i s k 
a n a l y s i s i n t h e d e s i g n and c o n d u c t o f an o p e r a t i o n a l t e s t i s 
b o t h f e a s i b l e and p r a c t i c a l . A n e t w o r k a n a l y s i s t o o l s u c h 
a s VERT "removes t h e i n d u c t i v e h e a d a c h e s from m o d e l i n g com­
p o n e n t i n t e r a c t i o n . T h e s e o p e r a n d s e n a b l e t h e u s e r t o e x ­
p l o r e c o n d i t i o n a l n o n l i n e a r m u l t i v a r i a t e s i t u a t i o n s w h i c h 
d e f y r e a d y m a t h e m a t i c a l a n a l y s i s " [ 3 4 ] . T e s t p l a n s and d e ­
s i g n s f a l l n e a t l y i n l i n e w i t h l i t t l e m a n i p u l a t i o n o f t h e s e 
o p e r a n d s i n b u i l d i n g a mode l t o a s s e s s t e s t d e s i g n r i s k . 
The u s e o f a f o r m a l i z e d t o o l t o a s s e s s r i s k w o u l d g e n e r a t e 
i n t e r e s t among t h e t e s t d e s i g n e r s and e v a l u a t o r s i n a n a l y z i n g 
d a t a i n p u t s . D u r i n g t h e c o u r s e o f t h e a n a l y s i s : 
1 . P o t e n t i a l p r o b l e m s can b e i d e n t i f i e d . 
2 . The r i s k c o n s e q u e n c e s o f a s u b t e s t f a i l u r e can b e 
a s s e s s e d . 
3 . Low i m p a c t t e s t s can be i d e n t i f i e d . 
4 . H igh i m p a c t t e s t s c a n b e i d e n t i f i e d . 
5 . The s u f f i c i e n c y o f t e s t p r o j e c t i o n s f o r t i m e , c o s t , 
and a s s o c i a t e d p e r f o r m a n c e a l l o c a t i o n s c a n b e d e t e r ­
m i n e d . 
I n summary, t h e o b j e c t i v e o f a r i s k a n a l y s i s s t u d y i n 
o p e r a t i o n a l t e s t i n g i s t o c r e a t e a mode l o f t h e o p e r a t i o n a l 
t e s t and e x e r c i s e t h e mode l w i t h r e a l i s t i c i n p u t s . The 
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r e s u l t s o f t h i s a n a l y s i s p r o v i d e t h e o p e r a t i o n a l t e s t 
d e c i s i o n - m a k e r w i t h a b a s i s t o c o m p a r e c o m p e t i n g t e s t a l t e r ­
n a t i v e s . 
R e c o m m e n d a t i o n s 
1 . T h e e x i s t i n g VERT s o u r c e p r o g r a m i s l o g i c a l l y 
i n v a l i d w h e n c o n v e r t e d t o a s m a l l e r b i t - s i z e c o m p u t e r t h a n 
t h e I B M 36 0 / 6 5 . I t i s a s i m p l e m a t t e r t o i n c o r p o r a t e t h e 
c h a n g e s i n s u b r o u t i n e s DOARC a n d G7AM o u t l i n e d i n A p p e n d i x I I I 
i n t o t h e VERT s o u r c e p r o g r a m . T h e s e s i m p l e c h a n g e s s h o u l d b e 
i n c l u d e d i n f u t u r e p u b l i s h e d v e r s i o n s o f V E R T . 
2 . VERT h a s a n e x t e n s i v e l i s t o f t r a n s f o r m a t i o n s 
w h i c h p e r m i t t h e a n a l y s t t o m o d e l m a t h e m a t i c a l r e l a t i o n s h i p s 
w h i c h may e x i s t w i t h i n t h e n e t w o r k . I t i s p o s s i b l e w i t h 
s u c c e s s i v e c o m b i n a t i o n s o f n o d e l o g i c t o e x p r e s s d e p e n d e n c y 
r e l a t i o n s h i p s i n a n e x p l i c i t m a n n e r . I t w o u l d b e u s e f u l t o 
i n v e s t i g a t e t h e i n c o r p o r a t i o n o f a d d i t i o n a l d e p e n d e n c y l o g i c 
t o f a c i l i t a t e t h e e x p r e s s i o n o f t h e s e r e l a t i o n s h i p s . A p r o ­
v i s i o n s h o u l d b e m a d e t o e x p r e s s d e p e n d e n c y t r a n s f o r m a t i o n s 
o n a n a r c o r n o d e i n t h e e v e n t t h a t i t w a s a f a i l u r e e a r l i e r 
i n t h e n e t w o r k . 
3 . SOLVNET i s l i m i t e d t o t w o p a r a m e t e r s ; a n d , o n e o f 
t h e s e m u s t b e d e p e n d e n t o n t h e o t h e r . T h i s l i m i t s i t s u s e f u l ­
n e s s i n r e p r e s e n t i n g many d e c i s i o n m o d e l s w h i c h a r i s e i n 
o p e r a t i o n a l t e s t i n g . An e x p a n s i o n o f SOLVNET t o i n c l u d e 
a d d i t i o n a l i n d e p e n d e n t p a r a m e t e r s w o u l d s i g n i f i c a n t l y 
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i m p r o v e t h e n u m b e r o f a p p l i c a t i o n s w h i c h c o u l d b e m o d e l e d 
a n d a n a l y z e d b y t h i s p r o g r a m . 
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/APPENDIX I 
SOLVNET OUTPUT " 
T h e f o l l o w i n g p a g e s c o n t a i n c o m p u t e r g e n e r a t e d SOLVNET 
o u t p u t . T h e o u t p u t r e p r e s e n t s P h a s e s I a n d I I o f t h e F a l c o n 
O p e r a t i o n a l T e s t . T h e SOLVNET p r o g r a m d o e s n o t p e r m i t t h e 
u s e r t o s e l e c t o u t p u t o p t i o n s f T h e o u t p u t p r e s e n t e d h e r e i s 
t y p i c a l o f SOLVNET a n d i s l i s t e d a s f o l l o w s : 
1 . A r c I n d e x o f C r i t i c a l i t y . 
2 . G r a p h o f C o m p l e t i o n C o s t s f o r T e r m i n a l N o d e N 1 9 . 
3 . G r a p h o f C o m p l e t i o n T i m e s f o r T e r m i n a l N o d e N 1 9 . 
4 . B i v a r i a t e G r a p h f o r T e r m i n a l N o d e N 1 9 . 
5 . G r a p h o f C o m p l e t i o n T i m e s f o r A l l N o d e s . 
6 . G r a p h o f C o m p l e t i o n C o s t s f o r A l l N o d e s . 
7 . B i v a r i a t e G r a p h f o r A l l N o d e s . 
8 . G r a p h o f N o d e P r o b a b i l i t i e s . 
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1 
9 4 . 3 I 
1 1 
9 2 . 0 I 
. . I . t . T • I«lf i i l l u l i . . T . • . 1 
3 1 8 . 6 
1 7 . 5 1 9 
. . . 1 . » • X « • 
2 3 . 1 
. 9 
. I . . . X . • . . 1 . . . . 1 • • * 1 . 
2 5 . 3 2 7 . 6 
2 4 . 2 2 6 . 4 ? f l H. 
5 
0 
. 1 7 . 3 9 . 6 
. 2 8 . 5 1 0 . 
1 1 . 6 1 4 . 1 1 6 . 





2 9 . 8 
. 7 3 Q 




1 — — — — _ 
1 1 1 T — i 1 1 — I 1 1 
_ _ . J . 2 » - 3 , 5 1-6 a . 9 U - 0 
G K A P H O F N O D E P R O B A B I L I T I E S ~ 
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A P P E N D I X I I 
VERT OUTPUT 
T h e f o l l o w i n g p a g e s c o n t a i n c o m p u t e r g e n e r a t e d VERT 
o u t p u t . T h e VERT p r o g r a m p e r m i t s t h e u s e r t o s e l e c t f r o m a 
l i s t o f o p t i o n c o m b i n a t i o n s . T h e s a m p l e o u t p u t s e l e c t e d h e r e 
i s f r o m t h e F a l c o n O p e r a t i o n a l T e s t , r u n n u m b e r o n e u s i n g 
n o r m a l d a t a . T h e d a t a o u t p u t r e p r e s e n t e d h e r e i s t y p i c a l 
a n d r e p r e s e n t s : 
1 . H e a d i n g a n d p a r t i a l d a t a l i s t i n g - o u t p u t o p t i o n 3 . 
2 . I t e r a t i o n s n u m b e r o n e a n d t w o - o u t p u t o p t i o n 3 . 
3 . An i t e r a t i o n b y i t e r a t i o n s u m m a r y - o u t p u t o p t i o n 2 . 
4 . G r a p h o f N e t w o r k T i m e f o r N o d e BEGTK - o u t p u t o p t i o n 
5 . G r a p h o f P a t h C o s t f o r N o d e BEGTK - o u t p u t o p t i o n 2 . 
6 . G r a p h o f O v e r a l l C o s t f o r N o d e BEGTK - o u t p u t o p t i o n 
2 . 
7 . G r a p h o f P a t h P e r f o r m a n c e f o r N o d e BEGTK - o u t p u t 
o p t i o n 2 . 
8 . G r a p h o f N e t w o r k T i m e f o r N o d e TERMT - o u t p u t o p t i o n 
2 . 
9 . G r a p h o f P a t h C o s t f o r N o d e TERMT - o u t p u t o p t i o n 2 . 
1 0 . G r a p h o f O v e r a l l C o s t f o r N o d e TERMT - o u t p u t 
o p t i o n 2 . 
1 1 . G r a p h o f P a t h P e r f o r m a n c e f o r N o d e TERMT - o u t p u t 
o p t i o n 2 . 
1 2 . G r a p h o f N e t w o r k T i m e f o r N o d e S u c c e s s - o u t p u t 
o p t i o n 2 . 
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1 3 . G r a p h o f P a t h C o s t f o r N o d e S u c c e s s - o p t i o n 2 . 
1 4 . G r a p h o f O v e r a l l C o s t f o r N o d e S u c c e s s - o p t i o n 
2 . 
1 5 . G r a p h o f P a t h P e r f o r m a n c e f o r N o d e S u c c e s s - o p t i o n 
2 . 
1 6 . C o r r e l a t i o n s a n d x - y P l o t s f o r N o d e S u c c e s s -
o p t i o n 2 . 
1 7 . G r a p h o f N e t w o r k T i m e f o r N o d e F A I L P - o p t i o n 2 . 
1 8 . G r a p h o f P a t h C o s t f o r N o d e F A I L P - o p t i o n 2 . 
1 9 . G r a p h o f O v e r a l l C o s t f o r N o d e F A I L P - o p t i o n 2 . 
2 0 . G r a p h o f P a t h P e r f o r m a n c e f o r N o d e F A I L P - o p t i o n 
2 . 
2 1 . C o r r e l a t i o n s a n d x - y P l o t s f o r N o d e F A I L P - o p t i o n 
2 . 
2 2 . G r a p h o f N e t w o r k T i m e f o r t h e C o m p o s i t e T e r m i n a l 
N o d e - o p t i o n 2 . 
2 3 . G r a p h o f P a t h C o s t f o r t h e C o m p o s i t e T e r m i n a l N o d e 
- o p t i o n 2 . 
2 4 . G r a p h o f O v e r a l l C o s t f o r t h e C o m p o s i t e T e r m i n a l 
N o d e - o p t i o n 2 . 
2 5 . G r a p h o f P a t h P e r f o r m a n c e f o r t h e C o m p o s i t e T e r m i ­
n a l N o d e - o p t i o n 2 . 
2 6 . C o r r e l a t i o n s a n d x - y P l o t s f o r t h e C o m p o s i t e 
T e r m i n a l N o d e - o p t i o n 2 . 
2 7 . O p t i m u m T e r m i n a l N o d e I n d e x - o p t i o n 2 . 
2 8 . A r c s C r i t i c a l - o p t i m u m P a t h I n d e x - o p t i o n 2 . 
2 9 . N o d e s C r i t i c a l - O p t i m u m P a t h I n d e x - o p t i o n 2 . 
3 0 . T e r m i n a l N o d e Summary - o p t i o n 0 . 
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F A L C U U - RUN U0 l - OU'̂ UT O P t I O m 3 - h O r M A L OATA 
H i M l ^ S N r i F I C A T I f U N ! C A R ' O P T I O N - - i — 1 
I T P S vF RUN O P T I - > ' ' - - — • — - 0 
T*Pt oF OUTPUT OoTloi>*- — -• - — — — - — - — 3 
COSTING A n d PRUNfjlNG OPTION . . — 1 
I N I T I A L S E E D - - - - - " . — _ — 9 b 5 8 l 
NU*3t>< OF ITERATIONS — - — - — • —— — — - 1 5 
Y£«RUr INTEREST RATE U S E D FOR PRESENT VALUE D I S C O U N T I N G - - # 0 0 
TIME FACTOR W H I C h CONVERTS PROGRAM TlMg J O A Y E A R L Y B A S I S - — . 0 0 
TIME C O S T P E R F O R M A N C E 
TERMINAL NODE SELECTION WtJGHTS , 0 0 . 0 0 1 . 0 0 
CRITICAL - OPTIMUM PATH W t - I G H T S . 0 0 . 0 0 1 « 0 0 
INITIAL PROBLEM VALUES . 0 0 . 0 0 . 0 0 
0 R 3 T S T A R T B E G I D 1 . 0 OG«NlZE TEST DIRECTORATE 
0 t < 3 T DT I M E 1 2 . 0 . 5 1 . 5 
0 « 3 T 0CO5T 1 3 . 0 1 0 * 0 1 9 . 0 1 5 . 0 
I M ? R BEJID I M P S C 1 * 0 IMPROVED R A D A R DETECTION 
. 1 5 I M P R • T I ' - l E 1 ' • . 0 . 5 1 . 5 1 . 0 
IMPR R c o s r 3 1 S T I '4PR K 1 0 . 0 K LO 
I M P R DPERF 1 1 . 0 . 5 3 5 . 0 2 0 . 0 8 . Q 
R A J R 3 E G I D RADSC LO B A S I C R A D A R DETECTION 
R A J . < D n M E 1 4 . 0 . 5 1 . 5 1 . 0 . 1 5 
RAJR R C O S T 1 iSTRADR K ICO K 1 . 0 
R A J 1 D p r R p 1 4 . 0 . 3 3 o . O 1 8 . 0 8 * 0 
FA J T I M P S C F A I L LO F A I L TO D E T E C T GE 5 K IMPROVE 
ItCO I M P S C MllDl . 9 0 ECM O N IMPROVED RAOAR 
IEC3 PILTl I 5 . 0 
IECO R c o s r 1 ISCIVIPH K . 5 K LO 
IcCO O p E R F 1 4 * 0 - 1 0 . 0 - . 1 - 5 . 0 3 * 0 
I E C F I M P S C MllDl . 9 5 ECM O F F IMPROVED R A D A R 
IECF F I L T 1 1 5 . 0 
F A J R R A D S C F A I L 1 * 0 F A I L TO D E T E C T GE 5 K REGULAR 
R E C O R A D S C MllOR * * 0 E L ' M ON REGULAR 
r e c o F I L T 1 1 5 . 0 
R E C O R C O S T 1 lSCRADR K . 5 K LO 
RcCO O P E R F 1 4 * 0 - 1 1 * 0 - 1 . 0 - 5 . 0 3 * 0 
R E C F ( R A D S C m U d r . 9 5 ECM O F F REGULAR 
RtXF F I L T 1 1 5 . 0 
FAII MI ID! F A I L LO F A I L COMPARISON RELIABILITY IMPROVED 
BDOI MIDI 9 E S T I 1 . 0 S U C C E S S EcM O N IMPROVED 
B 3 F I M I I D I h e s t i LO S U C C E S S ECM O F F IMPROVED 
F A I R MIIDR F A I L 1 • 0 F A I L COMPARISON RELIABILITY REGULAR 
\ 0 . = 1 TL,v\;lNAL -iOOE - S ' J O t S S STARTING SEED = 9 6 5 6 I ( C o s t PRtstNT VALUE AUjusTEO IF REQUESTED) 
M M T J S TI -IF. pATH COST PERFORMANCE 
OrtjT 
PRIORY CUMULATIVE PRIMARY CUMULATIVE PRIMARY CUMULATIVE 
4 . b l • 5 1 1 4 . 5 0 14.50 .00 .00 
I*PR 1 . 1 7 . l « 6 f l 1 1 . 7 4 2 6 . 2 4 2^.72 2 5 . 7 2 
RAC'R . 7 ' > 1 - 2 7 7 . 5 7 22 .07 12 .20 12.20 
ItCO 4 . 0 0 l . f . 6 5.fa7 3 2 . 1 1 - 7 . 0 6 18 .67 
IcCF 3 . 0 0 1 . 6 0 .00 2 6 . 2 * . 00 25 ,72 
RtCO 4 . CO 1 - 2 7 3 . 7 9 2 5 . 8 6 - 6 . 0 9 6.11 
RtCF 3 . 0 0 1 - 2 7 .00 22 .07 .00 12,20 
3 L > 0 I 4 . 0 0 1 » 6 « . u o 32 .11 .00 l f l .67 
BJOR 3 . 0 0 1^27 .00 2 5 . 8 6 . 00 6 .11 
END I 4 . 0 0 1 * 6 8 .00 32 .11 .00 18.67 
l a s t 4 . 7 6 ? « 4 4 7.61 3 9 . 7 2 - . 5 5 18.12 
MaNT 4 2 . 6 0 4 » 2 9 2 6 . 0 3 5 8 . 1 * - 2 . 2 2 16. 04 
LTHM 4 . 0 0 2 « 4 < t .00 3 9 . 7 2 - . 7 6 17 ,36 
LT'-A 3 . 0 0 2 . 4 4 1 . 5 2 4 i , 2 4 . 1 9 18,31 
MT'iA 4 . 0 0 4 . 2 9 .00 5 8 . 1 * - . 9 9 l 5 . * 5 
Mr-a 3 . 0 0 4 . 2 9 5 . 2 1 6 3 . 3 4 . 07 16.51 
TS?U 4 .00 2 « 4 4 .00 3 9 . 7 2 .00 17 .36 
TSP"'! 4 . 0 0 4 . 2 9 .00 5 Q . 1 1 * .00 15 .45 
Hvi-A 3 . 0 0 2 » 4 < * .00 3 9 . 7 2 - 1 . 8 1 15 .55 
LVLA 4 . 0 0 2 » 4 ! * . 76 40.<+8 - 3 . 7 8 13.58 
HvMA 2 . 0 0 4 . 2 9 .00 5 8 . 1 < * - . 1 7 15 .28 
L*"A 2 . 0 0 4 . 2 9 2 . 6 0 6o.7<. - 2 , 0 0 1 3 . 05 
ay i-3 - 4 . 0 0 2 » 4 4 .00 t o . o a .00 13 .58 
FaV'H 4 . 0 0 4 . 2 9 .00 6 0 . 7 4 . 0 0 .00 
MPE 2 4 . 0 0 2 » 4 ' 4 .00 ••o.'+a . 00 13.5S 
LuDC 4 . 0 0 2 « 4 < t 2 2 . 3 3 6 2 . 8 I - 1 3 . 5 8 .00 
4 1 . 5 1 3 * 9 5 15.07 7 7 . 8 8 12 .08 12 .08 
R^CO 4 1 . 5 0 3 . 9 4 14 .98 7 7 . 7 9 2 2 . 4 4 2 2 . 4 4 
HAZO 4 1 . 5 2 3 « 9 6 15.21 7 8 , 0 2 2 3 . 4 6 23 .06 
W13T 4 . 0 0 3 . 9 5 . 00 7 7 . 8 8 -H.85 7 . 2 3 
WKOT 4 . 0 0 3 . 9 5 .00 7 7 . 8 8 - . 3 5 11 .73 
WTDS 4 . 0 0 3 - 9 1 * .00 7 7 . 7 9 - b . 9 2 15,51 
WFuS . 4 . 0 0 3 « Q 4 .00 77 .79 2 . 9 8 25 .42 
WICM 4 . 0 0 3 . 9 6 .00 7 8 . 0 2 - 6 . 0 1 17.H4 
HrFiN 4 .00 3 . 9 6 .00 7 8 . 0 2 . 67 24 ,12 
VRCO 3 . 0 0 3 . 9 6 . 00 7 8 . 0 2 - 6 . < t 3 11.01 
E vTO 3 . 0 0 3 « 9 5 . 00 7 7 . 8 8 - 3 , 4 4 3 . 4 4 
EtfSO 4 .00 3 . 9 1 * . 00 7 7 . 7 9 - 9 . 2 5 o . 2 5 
EVVJ 4 .00 3 . 9 6 . 00 7 8 . 0 2 - 1 2 . 0 6 12 .06 
LTD2 4 .00 3 . 9 6 . 00 7 7 . 7 9 - . 6 0 8 .64 
LTD3 2 .00 3 . 9 6 . 00 7 8 . 0 2 m.<*6 11 .58 
BtS2 4 2 .86 6 * 8 3 2 6 . 6 4 1 0 6 . W .00 8 , 6 4 
FaILTRW 4 .00 4 . 2 9 . 00 6 0 . 7» . . 00 .00 
SfOP 4 .00 6*83 .00 106.»S .00 8 , 6 4 
NODE DATA 
NAME STATUS TIME PATH COST PERFORMANCE 
START 3 .00 • 00 .00 
BcGlD 3 . 64 16 .37 .00 
31 .30 IMPSC 3 1.72 27 .14 
R A 3 S C 3 1.54 25 .40 18 .28 
MIIDI 3 1.72 32 .52 2 8 . 6 6 
MlIDR 3 1.54 29 .91 , 15 .69 
B^STI 3 1.72 46« 05 19 .56 
3 1.72 32 .52 2 6 . 0 2 
LaSYS 3 3 . 8 9 54 .26 25 .09 
• H S Y S 3 3 . 0 5 45 .81 2 5 . 7 2 
M.TKL 3 3 . 8 9 58 .61 2 4 . 3 2 
M1 T K '•I 3 3 . 0 5 48 .47 2 6 . 0 2 
U a T R 3 3 . 8 9 54 .26 2 4 . 2 8 
MaV.'TR 3 3.OS 48 .47 2 6 . 0 2 
Mi LTV 3 3 . 8 9 5 6 . 4 3 2 0 . 1 4 
M i m T V 3 3 .U5 49 .79 2 4 . 7 5 
B t S T . < 3 3 . 8 9 73 .71 20 .90 
TtRMT 3 3 . d 9 4 9 . 7 9 23 .71 
BEuCC 3 3 . 8 9 6 5 . 0 2 .00 
Tu'JiJO 3 5 . 4 8 80«87 11 .98 
ScPDO 3 5 .30 79 .07 2 3 . 1 5 
3 5.2'» 78.1*7 18 .42 
V r v C 0 3 3 5 .24 78.<»7 14 .01 
3 5 . 4 5 80«87 6 .52 
MAf«JS 3 5 .30 79 .07 16 .91 
M a R 3 0 3 5 .24 78 .47 18 .58 
T t S T J 3 5 . 4 8 108«36 7.00 
C u v - P 3 3 5 .48 9 2 . 5 2 8 .64 
AjESJ 3 8 . 6 3 109 .99 8 .64 
S u c c e s s 3 8 . 6 3 109 .99 8 .64 



































5 I ECO 
2 IMPR 
1 OR6T h - ' 
O 
I.ERATiON NO. = 2 TERMINAL NO-IE = SWC^tSS SMARTING SEED 




OrC-T '+ ,bn •64 
IMPR 4 l .US 1.72 
RaCR 4 .90 l«5«» 
ItCO 4 • DC 1.72 
I£CF 3 .00 1.72 
Re. CO 4 .00 L 5 4 
RcCF 3 .00 L 5 4 
B'JCI 4 .00 1*72 
BuOR 3 .00 L 5 4 
ENDI 4 .00 1«72 
LhST 4 2 . 1 7 3«fl9 
ma'.t 4 -1.33 3*05 
LthA 4 .00 3*89 
LTMA 3 .00 3«P9 
M|hA 2 .00 3 .05 
M[VA 4 .00 3«05 
TSPL 4 .03 3«89 
TbVM 4 .00 3 .05 
HVL.A 3 .00 3«89 
LyLA 4 .00 3 .89 
H»V-A 3 .00 3 .05 
L»V-A 4 .00 3 .05 
3TLB ' 3 . 0 0 3 .09 
BTMB 4 .00 3«05 
•Ve.4 4 .00 3.R9 
LuDC 4 .00 3 .89 
RTDO 4 1 .50 5 .48 
r s c o 4 1.40 5 .30 
RhJO 4 1 .34 5«21 
wrcT 4 .00 5 .43 
WF3T 4 .oc 5 .48 
4 .30 . 5 .30 
WFjS 4 .00 5 .30 
WT3M 4 .00 5.2«* 
WF?M 4 .00 5 .24 
VKCO 3 .00 5 .24 
EvTD 3 .00 5«48 
EvSD 4 .00 5 .30 
4 .00 5.2** 
LT02 2 .00 5.«t8 
LfD3 4 .00 5 .48 
BES3 4 3 . 1 5 8*63 
STOP 4 .00 8*63 
24267779619 (CoST PRtStNT VALUE AUJUSTEO IF REQUESTED) 
PATh COST PERFORMANCE 
PRIMARY CUMULATIVE PRIMARY CUMULATIVE 
16.37 16 .37 .00 ,00 
10 .76 2 7 . 1 4 31.30- 31 .30 
9 .02 25 .40 18.28 18 .28 
5 .38 32 .52 -S>.28 2 6 . 0 2 
.00 2 7 . 14 .00 31 .30 
4 .51 29 .91 - 5 . 1 8 13 .10 
.00 25 .40 ,00 18 .28 
.00 3 2 . 5 2 .00 26 .02 
.00 2 9 . 9 1 .00 13.10 
.00 3 2 . 5 2 .00 2 6 . 0 2 
2 1 . 7 4 5(u 26 - . 9 2 2 5 . 0 9 
13 .29 ••5.81 - . 3 0 2 5 . 7 2 
.00 5 4 . 2 6 - . 8 2 2 4 . 2 8 
4 .35 5 8 . 6 1 - . 7 3 2«».3T 
,00 4 5 . 8 1 - 1 . 1 3 2 0 . 5 9 
2 .66 48 .47 .30 2 6 . 0 2 
.00 5 4 . 2 6 .00 2 4 , 2 8 
.00 4 8 . 4 7 .00 2 6 , 0 2 
.00 5 4 . 2 6 - 2 . 0 7 22 .20 
2 .17 5 6 . 4 3 - 6 . 2 0 18 .08 
.00 48 .^7 - . 2 4 2 5 . 7 8 
1 .33 ••9.79 - 2 . 3 0 23 .71 
.00 5 6 . 4 3 .00 18 ,08 
.00 4 9 . 7 9 .00 2 3 , 7 1 
.00 4 9 . 7 9 .00 23 ,71 
15 .23 6 5 . 0 2 - 2 3 . 7 1 ,00 
15 .85 8 0 . 8 7 11.98 11 .98 
14 .05 7g .07 23 .15 2 3 . 1 5 
13 .44 7 8 . 4 7 18.42 1P.02 
.00 8 0 . 8 7 - 6 , 5 0 5 .48 
.00 8 0 . 8 7 1.04 13 .02 
.00 7 9 . 0 7 - 6 , 2 9 16 .86 
.00 7 9 . 0 7 .05 23 .20 
.00 7 8 . 4 7 - '• . ' t l 14 .01 
,00 7 8 . 4 7 .16 18 ,58 
.00 7 8 . 4 7 - 5 . 5 3 8 , 4 8 
.00 8 o . 8 7 - 3 . 2 6 3 . 2 6 
.00 7 9 . 0 7 - 8 . 4 6 8 , 4 6 
,00 7 8 . 47 - 9 . 2 9 9 , 2 » 
.00 79 .07 - . 8 3 7 . 6 3 
,00 
3 1 . 5 3 
7 8 . 4 7 - . 6 5 8 , 6 4 
109 ,99 - . .00 8 . 6 4 
,00 109 .99 .00 0 . 6 4 
o 
CO 
UOJZ D A T A 
f'A4£ STATUS T I - I I 
SViU 3 »0 *> 
3 
IWFSC 3 '1 .60 
RaOSC 3 1.27 
M1IDI 3 1.6P 
MilDR 3 1.27 
BEST! 3 1.6B 
B£G r< 3 1.60' 
L M s r s J 2 .44 
Misrs 3 4 .29 
MiTKu 3 2 .44 
MilK'1 3 ••.29 
3 2 .44 
MM* TR 3 4 .29 
MiLTV 3 2 .44 
M I V T V 3 4 .29 
Bc.SU 3 2 .14 
3 2 .44 
d c ^ O C 3 2 . 4 4 
To5L)0 3 3 .95 
3 3 .94 
M Q w i J U 3 3 .96 
VKCOG 3 3 .96 
MaROT 3 3 .95 
M'aF.OS 3 3 .94 
MxKDO 3 3 .96 
TcSTO 3 3 .96 
Co»-PO 3 3 . 9 6 
a u e s d 3 6 . 6 3 
F a i l 3 4 . 2 9 
s u c c e s s 3 6 . 0 3 
ITERATION TIME-PCOST-OCOSr-PERFORMANcE 
ÂTH COST PERFORMANCE 
• oo .00 
.JO 
26 .24 25 ,72 
22*07 12,20 
32*11 2 2 , 1 9 
25*86 9 .16 
•43*47 12 .39 
32*11 18 .67 
39 .72 18 .12 
59*14 16 .44 
41*24 17 .84 
63 .34 15 .98 
39 .72 17 .36 
5T.14 15 .45 
40*48 14 .57 
6 C 7 4 .00 
40*48 13 .58 
40*48 13 .58 
62« 61 .00 
77*88 12 .08 
77*79 22 .44 
78*02 2 3 . 4 6 
7"*02 17 .44 
77 .88 6 . 8 8 
77*79 18 .49 
78*02 24 .12 
108*07 8 .25 
93*00 8 .64 
106*43 8 .64 
60*74 .00 
106*43 8 . 6 4 
6 . 8 3 106 .43 183.43 6 , 6 4 C R I T I C A L P A T H I F W A N T E D 
29 a d e q d 83 STOP 
2B C O M P D 78 BES2 
27 TESTD 74 LTD2 
26 M X R U O 71 EVMD 
22 m o d u o 63 WFDM 
19 BEDOC 54 RMDO 
18 TERMT 51 LODC 
17 BESTK 46 MPE2 
15 MILTv 41 8TLB 
13 LAWTR 36 LVLA 
11 MIT*L 30 TSPL 
9 LASTS 24 LTHA 
8 BEGTK 21 LAST 
7 BEST I 17 END I 
5 MIIUI 11 BOOl 
3 IMPSC 5 IECO 
2 BEG1D 2 INPR 
1 START 1 0R6T 
T E R - - - . I . ^ a » - MODt. TIML p a t h c o s t O V E R A L L C O S T PERFORMANCE 
1 bUCC^SS 7.4t i r >L 102.6608 160 8576 8 .5199 
2 i U c c . ' . b s 6 , ' . 8 ' * 4 104.3324 166 3 3 4 4 9 .8309 
3 oUCCeb^ 106.0674 1H6 6986 12 .0450 
4 S U C C ^ j S 
y 9 . 5 0 7 2 120.3973 197 .3056 7 .8231 
5 bUCCeSS 7 . 6 0 * 9 94.9156 158 .0098 7 .6026 
& s u c c e s s 9 . 7 3 9 b 124.5306 201 6295 11 .2778 
7 sUCCt-SS 7 . q 3 3 2 l l? .7 f i50 165 1986 8 .8001 
a i - a i l * - 3 . 2 7 4 1 5 4 . 4 4 1 7 68 8955 1.0287 
9 ;>UCCebS 7.-,273 99.4850 163 .0135 9 .9705 
10 l u c c l s s 7 . 9 5 3 4 119.6204 179 0118 13 .3355 
11 bUCC-E-55 7.0522 97.4230 150 9120 7 .0124 
12 SUCCeSS y . p s c i 111.1943 1'2 .3927 6 .8313 
13 jUCCt-bS 9 . S U B 118.0488 184 3 764 12 .4236 
14 SUCCeSS 9 . H 3 6 0 107.4265 172 .6103 10 .4617 
lb SUCCeSS 7 . 7 : U 3 104.6950 159 .7176 9 .2138 
16 r - A I L H 2.q4?_b 4 7 . 4 8 5 1 67 8602 . 0 0 0 0 
17 bUCCi-SS 7.3594 94 .4665 147 2287 6 .6080 
13 SUCCeSS 7 .0635 93.4758 144. 8030 6 .4044 
19 bUCCt-SS 7 . 3 3 4 3 9 6 . 8 1 + 4 5 166 8987 8 .0945 
20 sUCCtGS 9 .4368 97 .1609 182 6641 8 .0288 
21 SUCCeSS 6 . 5 4 9 8 115.2495 1«0 3366 10 .0541 
22 SUCCeSS 8 . 2 9 5 ' 9 9 . 7 o 7 1 l ' O 3733 10 .5203 
23 bUCCtSS 8 . i*806 104.8939 169 6313 10 .1564 
24 bUCCtSS 7 . 9 6 9 b 108.8837 170 3814 11 .1146 
25 bUCC-SS 7.8870 104.5914 1*2 7672 10 .6673 
2o SUCCESS 8 . 1 2 3 ' 94.1931 1 ^ 5 8675 13 .6917 
27 iUCCt-SS 9.3263 103.9711 169 4 776 9 . 4 7 9 5 
23 SUCCeSS 9 . Q 2 6 ' 101.9083 166 5469 10 .7806 
29 SUCCeSS 7 .6369 98 .6419 154, 2934 11 .5191 
30 bUCCeSS 7.3194 96.5127 144 1127 9 .7329 
31 s U C C t S S 7 . 4 9 5 0 96.5424 161 1619 9 .2301 
32 SUCCESS 8 . 8 9 9 4 101.7199 170 7628 10 .3525 
33 SUCC-SS 6 .8078 81 .2882 144 2864 6 .2232 
3 4 SUCCESS 8 . 8 0 9 6 1 0 0 . 5 i » 9 7 164 1314 9 .2844 
3 5 SUCCESS 8 . 3 4 2 4 101.0742 164 3461 9 .2684 
3 o i > U C C - S S 9 . 7 5 8 2 114.3415 198 9296 8 .3015 
3 7 r A l i _ r 3.297^ 4 7 . 5 9 9 i | 71 8114 1.5301 
3 9 SUCCESS 9 . 6 0 0 2 98 .9284 183 .2077 8 . 7 5 2 3 
39 SUCCESS 7.2861 105.7530 157 .5559 9 .4272 
40 bUCCeSS 9 . 5 9 5 8 121.3509 184 .2743 9 .2006 
41 SUCCeSS 7 . 9 0 7 3 112.5872 l 'O 4126 8 .9875 
42 SUCCeSS 7 . 7 5 7 8 107.6144 1'6 .1884 10 .4434 
4 3 SUCCLSS 7 .3566 96 .5755 167 .3224 7 .1266 
4 4 SUCCeSS 9 . 6 3 3 9 123.6525 179 0009 12 .4057 
4 5 SUCCESS 7.0181 103.6622 161 7542 9 .4176 
4 6 i-AIuH 1.6234 3 7 . 9 1 9 1 37 .9191 4 . 3 9 9 5 
4 7 SUCCeSS 8 . 1 6 0 4 99.0570 171 0494 9 . 1 9 4 5 
48 i,UCCtS3 8.2864 113.4133 - 193 0 784 9 .5920 
4 9 SUCCeSS 7.944» 105.7067 173 1912 6 .5407 
50 SUCCeSS 7 .6728 86 .2622 146 8446 9 . 6 4 7 3 
51 SUCCESS 8 . 4 3 5 4 109.1834 164 6756 10 .9545 
52 bUCCeSS 7.7664 94 .8697 147 9501 9 .8367 
53 S U C C E S S 8.44Q2 97.7674 173 •6211 7 .6*80 
Mb . - 5 .10 .15 ,20 .^b 
^ . ^ 9 ^ 














l * * # * * ,054 
1 . 7 6 / 0 
• *«* .048 




L * « • * * . * .070 
2.0057 
I**** .042 













L * * « * . .046 
2.4830 














. 0 0 0 
2.9008 MAX 
198 ME/ \H = 2,0839 STO ERR 
MCUE = 2,1029 PEARSONl*N 
CFD .1 .2 .3 .6 .8 . 9 1.0 
1.3492 I M J N 
















********* • ** .231 
1.8266 ] 
********* ****** .291 
1,8863 ] 
********* ********* .353 
1,9460 ] 
********* ************ .424 
2.0057 ] 
********* ************** .466 
2,0653 ] 
********* ****************** .542 
2,1250 ] 
********* ********************* .598 
2,1847 ] 
********* ************************ . 6 5 9 
2,2443 ] 
********* ************************ **** .731 
2.3040 ] 
********* ************************ ******* .793 
2.3637 ] 
********* ************************ ******* «* ,847 
2.4234 i 
********* ************************ ******* ***** • 89l> 
2.4830 1 
********* ************************ ******* ******* .938 
2.5427 ] 
********* ************************ ******* ******** . 9 6 6 
2,6024 i 
. 9 7 * ********* ************************ ******* ********* 
2.6621 j 
********* ************************ ******* ********* .982 
2,7217 ! 
********* ************************ ******* ********* . 9 9 0 
2,7814 ' 
********* ************************ ******* ********** .996 
2,8411 : 
********* ************************ ******* * * * * * * * * * * 1 . 0 0 0 
2.9008 : 
. 0 0 0 
2,9008 : M A X 







"D .10 .15 .23 . 2 5 Cf -0 ,1 •2 • 3 ,4 ,5 ,6 ,7 ,8 ,9 1, 0 
19.2522 MIN 













22.0*04 '.*• .016 
22.0404 
>* .032 
2 . 7 3 7 4 22,7374 
23.434b >** .020 *** .052 23,4345 
24.131b ;*** .036 **** .088 
. • * * * .040 
24,1315 
**** .129 
2 4 . 9 i i 8 j 24.8285 
25.5*56 i**«** .054 **** ***** .183 25.5256 
.048 **** ***** »**< .231 
26.2226 26,2226 
**** .048 **** ***** > * * * *** .279 
26.9197 26,9197 
t ****** .066 **** ***** * * *< ****** .345 
27.6107 27,6167 
******* .076 **** ***** > * * * ********** .422 
23.313J 28,3137 
********** .102 **** ***** « * * * *****.********** .524 
29.010b 29.0108 
i******* .070 **** ***** »**< ******************* .594 
29.7070 29,7078 
i****** .064 **** ***** • *** ********************** .659 
30.4049 30.4049 
[******* .076 **** ***** »**< ************************** .735 
31.1019 31.1019 
[**«**«* .070 **** ***** > * * * ***************************** .805 
31.7909 31,7989 
;****** .060 **** ***** **** ******************************** .865 
32.4960 32,4960 
[***« .040 **** ***** **** ********************************** .906 
33.1930 33.1930 
. + * .022 ; **«* ***** * * *< *********************************** .928 
33.6901 33,8901 
• ** ,028 **** ***** » * * * ************************************* .956 
34.5871 34,5871 
.012 >*** ***** '*** ************************************* .968 
35.2841 35.2841 




**** ***** > * * < ************************************** .986 
36.6782 36,6782 





37.3753 MAX 37,3753 M A X 
496 Wt UN = 28.8835 STU ERRO« = 3 ,4 ,44 COEF OF VARIATION = .12 KURTOSIS (BETA 2) 3 2*79 
MOUE = 28.6262 P£ARS0NI«N SKEW s ,08 
o *• 
Z - i 
z 




















3 6 . 3 3 1 9 
• * .018 
37.2*>17 
.*** .032 






















4 3 . 2 9 0 4 















5 4 . 7 2 9 6 MAX 
NO. 08S. = 498 ME N = 
MOUE = 
43.7950 STU ERROR = 
43.5070 PEARSONl«N 5* 
.1 .2 
• I — 
. 3 , 4 .6 .8 .9 1.0 








































» * .815 
* * * * * .876 
* * * * * * * .922 
* * * * * * * * .950 
* * * * * * * * * .966 
* * * * * * * * * * .976 
* * * * * * * * * * .984 























HI "0 «v5 .10 .15 .20 .*5 
1.9943 
.000 






















1 5 . ^ 8 2 
****** .064 
17.2*77 








I * * * * * * .066 
23.574y 
******* .072 
2 4 , f a 4 4 4 
***** - - - .050 




















19,1679 STO ERROR = 
18.7087 PEARSONI«N S* 
.1 *2 •I— 
. 3 
• I -




































M A X 
.32 KURTOSIS <*£TA 2) 3 2,61 
.9 1,0 


























- 4 r n 
» - x 
o - n 
-z o 








K • 0 '^5 .10 . 1 5 . 2 0 . 2 5 




• * . 0 1 0 
2.270b 
.006 
2 . 4 0 4 6 
.** .027 
2.5367 
• * .029 
2.6729 
:** .029 










3 . 4 7 7 O 




* * * * * * * * .064 
3.6000 
»**«*» .065 














4 . 9 5 2 9 
;»* .022 
5.0^71 
1 • .014 
5.2212 
1 * .012 
5.3553 
I * .016 
5.4694 
. 0 0 0 
5.4694 MAX 
MO. OBi. = 439 M E A N z 3.7720 S T U E R R O K = 





























































* * * * * * * * * * * * * * * * * 1 , 000 
. 0 0 0 
M A X 







J » X 
.000 
H •D . 0 5 .10 .15 .20 . * 5 
*5 .1b30 





2 8 . 7 / 5 b 
.033 
30.5B6d 










, * « « * * * * * .092 
41.4543 
* * * * * .059 
4 3,£05t> 
. • * * * * * « * .086 
45.076V 











5 5 . 9 4 4 4 
** .025 
57.7557 
• * • - • .012 
59.5669 
• * . 0 1 0 
61.3782 












. 0 0 0 
72.2458 MAX 
N O . O O S . = 4 8 9 M E A m = 4 3 , 1 2 5 6 S T O E R R O R 
a m u l t i m o d a l d i s t r i b u t i o n 
CFD . 1 • 2 
• I . . 



































































* * * * * * * * * * * * * * * * * * * 1 , 0 0 0 
.000 
M A X 










.9 1 . 0 





















. 0 0 0 
K^D » V 5 . 1 0 . 1 5 . 2 0 ,i?b C F D . 1 . 2 . 3 . 4 . 5 . 6 . 7 . 8 . 9 1 . 0 
» — T MT:J 
.000 . 0 0 0 
49.1+beb l 
. 0 0 2 
4 9 , 4 5 8 5 1 
. 0 0 2 
52.ti33u I 
.000 
5 2 . 8 3 3 0 1 
. 0 0 2 
5 6.207o X 
.000 
5 6 , 2 0 7 6 1 
. 0 0 2 
59.5022 I 
. 0 0 4 
5 9 . 5 8 2 2 1 
. 0 0 6 
62.ybbd 1 
. 0 0 2 
6 2 . 9 5 6 8 1 
. 0 0 8 
6 6.3313 X 6 6 . 3 3 1 3 1 
1* . 0 1 2 I * . 0 2 0 
69.7U59 I 6 9 , 7 0 5 9 1 
x** . 0 2 7 1 * * . 0 4 7 
73 .0<*0b 1 7 3 . 0 8 0 5 1 
X**** . 0 4 7 1 * * * ** . 0 9 4 
7 6.4551 1 7 6 . 4 5 5 1 1 
I * * * * * * . 0 6 3 1*** ***** . 1 5 7 
79,8296 X 7 9 , 8 2 9 6 1 
!*«*** . 0 5 9 1 * * * ******** . 2 1 7 
0 3 . 2 0 4 2 X 8 3 , 2 0 4 2 I 
X****** . 0 6 1 1 * * * *********** . 2 7 8 
06.b78d X 8 6 , 5 7 8 8 1 
. 0 9 6 1 * * * **************** . 3 7 4 
69.9534 X 8 9 , 9 5 3 4 1 
X+*«**«**« . 0 9 4 1 * * * ******************** . 4 6 8 
9 3.3280 1 9 3 , 3 2 8 0 1 
1******** . 0 8 6 1 * * * * * * * * * * * * * * * * * * * * * * * < * * * * * . 5 5 4 
9 6 . 7 0 2 5 1 9 6 , 7 0 2 5 1 
I T * * * * . 0 5 9 1 * * * ********************. * * * * * * * * , 6 1 3 
100.0771 X 1 0 0 , 0 7 7 1 1 
, 0 8 4 1 * * * ********************. * * * * * * * * * * * * , 6 9 7 
X03.4blf I 1 0 3 , 4 5 1 7 1 
X ******* . 0 7 2 1 * * * * * * * * * * * * * * * * * * * * * * * I * * * * * * * * * * * * * * * , 7 6 9 
106.6263 X 1 0 6 . 8 2 6 3 1 
! * * • * , 0 4 9 1 * * * ********************< * * * * * * * * * * * * * * * * * * , 8 1 8 
110.2^00 X 1 1 0 . 2 0 0 8 1 
!**«** . 0 5 3 I * * * ********************* * * * * * * * * * * * * * * * * * * * * * , 8 7 1 
113.5764 I 1 1 3 . 5 7 5 4 1 
X*** , 0 3 9 1 * * * ******************** * * * * * * * * * * * * * * * * * * * * * * * , 9 1 0 
116.^bOO 1 1 1 6 . 9 5 0 0 1 
X * . 0 1 6 1 * * * * * * * * * * * * * * * * * * * * * * * < * * * * * * * * * * * * * * * * * * * * * * * , 9 2 6 
1 2 0 . 3 2 4 6 X 1 2 0 . 3 2 4 6 1 
X** . 0 2 0 1 * * * ********************* * * * * * * * * * * * * * * * * * * * * * * * * , 9 4 7 
1 2 3.6991 1 1 2 3 , 6 9 9 1 I 
X** . 0 2 7 I * * * ********************< * * * * * * * * * * * * * * * * * * * * * * * * * * , 9 7 3 
1 2 7 . 0 7 3 7 1 1 2 7 . 0 7 3 7 1 
1 * . 0 1 8 I * * * * * * * * * * * * * * * * * * * * * * * < * * * * * * * * * * * * * * * * * * * * * * * * * * * , 9 9 2 
1 3 0 . 4 4 8 3 X 
. 0 0 4 
1 3 0 . 4 4 8 3 I 
********************* * * * * * * * * * * * * * * * * * * * * * * * * * * * . 9 9 6 
133.8229 1 
. 0 0 4 
1 3 3 . 8 2 2 9 1 
********************* * * * * * * * * * * * * * * * * * * * * * * * * * * * ! . 0 0 0 
1 3 7 , 1 9 7 4 X 
.000 
1 3 7 , 1 9 7 4 1 
. 0 0 0 
1 3 7 , 1 9 7 4 X MAX 1 3 7 . 1 9 7 4 I MAX 
4 8 9 MEAN = 9 5 . 8 7 0 2 5 T D E R R O « = 1 5 . 0 3 0 9 COEF O F V A R I A T I O N = . 1 6 K U R T O S ' S (BF.TA 2 ) = 2 . 6 8 












Rf : 0 .05 ,10 .15 .20 .*5 
-1 ,7*8* 





j * .014 
















































NO. OBS. = 489 MEAN = 14.6362 STO ERRO« = 
MODE = 13,8389 PEARSON^ ! 
Cf "D .1 • 2 .3 .4 5 .6 .7 ,8 .9 1. 0 















;**** *** .131 
7.0615 
;**»* **** .170 
8.3272 
**** »*** ***** .231 
9,5928 
; **•* **** ******* .276 
10.8585 
,**** **** ******* *** .335 
12.1242 
**** **** ******* ******* .413 
13.3898 
:*»** **** ******* *********** * .513 
14.6555 
;**•* ***i ******* *********** **** .573 
15.9212 
**** **** ******* *********** ******* .634 
17.1868 
; * •** ***t ******* *********** ********* .701 
18.4525 
',**** **** ******* *********** ********* **** .757 
19.7182 
.**** **** ******* *********** ********* ******* .828 
20,9839 
**** **** ******* *********** ********* *********** .89» 
22,2495 
:*»** * * * < ******* *********** ********* ************* .935 
23,5152 
**** * * * * ******* *********** ********* ************** .955 
24,7809 
**** **** ******* *********** ********* *************** .976 
26,0465 
;*•** * * * < ******* *********** ********* >**************** .992 
27.3122 
,**** ***' ******* *********** ********* ***************** .994 
28.5779 
>*** * * * < ******* *********** ********* >**************** ,99i» 
29.8435 
;*•** ***• ******* *********** ********* > * * * * * * * * * * * * * * * * ! , 0 0 0 
31.1092 
. 0 0 0 
31.1092 MAX 














6,2448 COEF OF VARIATION = .43 KURTOSIS <»ETA 2) s 2 , 4 4 LO 
NO. OBS. = 4 75 ME 
























7.133b t**« .032 
7,1335 











3.G&33 X**«** .057 
8.0633 
8.2493 I****** .063 
8.2493 
0.4352 I******** .086 
8.4352 



































10.6668 MAX 10.6668 
N = 
MODE -
8.3467 STO ERROR = 
8.5556 PEARSONlftN SKEW .23 
.9263 


























































COEF OF VARIATION = .11 KURTOSlS <t»ETA 2) s 2 .46 J—1 
.000 
M "u «u5 ,10 .15 .20 .*5 































• *** .038 
115.1664 





















140.0^04 | - • 
.000 
140.0104 MAX 
NO. 08S. S 475 ME N -
MODE = 
106.4935 STO ERROK = 




,1 .3 .4 .6 .8 .9 1.0 

























































































.10 KURTOSIS (BETA 2) = 2.73 








>* . 015 
144.1331 
. *«** .046 
147.5467 
;** .027 
15.0.9053 .**«* .048 
154.2640 
























'•** • ,021 
197.9*62 




• * . 011 










221.436a M A X 
NO. OBS. = 475 «EAN = 171,3044 STU ERRON S 
MOOE = 163,5338 PEARSON^ ! 
. 1 • 2 
- I -

































































o *> z r 
i c in z - I o 





. 09 KURTOSlS (*ETA 2) S 2 .56 
•05 .10 15 ,?-0 . 2 5 

















! • * * * .046 
7.656* 
















I*** . 0 34 
11.2794 


















14.7007 .000 MAX *N = 
MODE = 
9.6169 STU ERRON = 
9.8946 PE«RS0NIAN S* 


















1 * * * * * * * * * 4 ***** 8.6184 
1 * * * * * * * * * 4 ****** 8.9986 
1 ********** ****** 9,3787 
1********** ****** 9,7589 
I********** ****** 10,1390 
1 ********** ****** 10.5191 
1 * * * * * * * * * 4 ****** 10.6993 
1 * * * * * * * * * 4 ****** 11,2794 
1 * * * * * * * * * 4 ****** 11.6596 
I********** ****** 12.0397 
1 * * * * * * * * * 4 ****** 12,4198 
1 * * * * * * * * * 4 ****** 12,8000 
1 * * * * * * * * * 4 ****** 13,1801 
1 * * * * * * * * * 4 ****** 13.5603 
1 * * * * * * * * * 4 ****** 13,9404 
1 * * * * * * * * * 4 ****** 14,3205 
1 * * * * * * * * * 4 ****** 
**** 
******** 
************ • — • 
* * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * 
******* * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

































2 : o 
3 
o x -n x o 
,15 
1.8730 COEF OF VARIATION = .19 KURTOSlS (BETA 2) = 2 .79 
.000 
CORRELATIONS ANO X-y PL0T5 FOR HRECEEDING NODE 
(• MEAN'S PLOTTING lfl OR MORE POINT* PE« UNIT CELL) 
TI ME(Y) VS COST(X) R = .67 CObT(Y) Vs PERFORMANCE(X) R = - . 0 2 PERFORMANCE if) VS TIME<X) R = .03 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
y 1 Y 1 Y 1 Y 
Y 1 1 I 1Y 1 Y 1 1 Y 
Y 1 Y 1 Y Y 
Y 1 Y 1 Y Y 
Y 1 Y 1 1 Y 1 1 1 Y 
Y 1 2 1 1 Y Y 1 11 1 1 2 1 1Y 
Y 1 1 l i l Y 2 Y 1 1 1 Y 
Y 1 2 1 31 1 11 Y 1 1 Y 2 1 3 Y 
Y 1 111 11 2 211 11 Y 1 1 1 11 Y 1 1 2111 Y 
Y 11 2 l l l l 2312 1 Y 1 1 11 Y l l l l 1 21 2 1 11 Y 
Y 1 1 11 12 21 U 211 1 Y 11 12 2 11 2 Y 11 1 2H111 1 Y 
Y 1 1 21 121122 1 Y 11 I 1 2 Y 2 1 113 13 1 1 Y 
Y 1 11 ?21 1x31 1211 Y 1 12 1 113 1 1 1 Y 11131 l l l l 1 1 Y 
Y 1 1 2111* 11 1 1 Y 1 U 1 31 11 i l 1 Y 2 1 13 11 2 2 1 1 Y 
Y 1 11 122 3 12 1 211 1 Y 1 1 1 1 11 3 1 1 Y 1 1 1 112 1 1 2 1 Y 
Y 1 1 2>-4l 111 11 Y 1 11 1 1 11111 1 1 Y 1 21 2 1 11 1 Y 
Y 1 1221* 21 . 24-.il 1 212 Y I 1 1 2U212 2 2 i Y 1112 2114112 2 1 1 Y 
Y 1 1 12 **i 3i2 15111 Y 1121 4 12 1 2 Y 1 1 2 2 122111 1 11 2l 21 Y 
Y 2112112J3H3 1 Y 1 HH312111 1 1 11 Y 12 1 2 1 3343 5 H 2 l Y 
Y 1 1 1131**11122131 Y 1 1 1 1H213222 1 1 1 2 Y 1 11111 21 12211 1 2 11 1 Y 
Y 11 21 * 3 U31 1 Y 1 1 111 111 1 2 1 2312121 12 1 1 Y 1 2 121123 1 1 1 11 1 Y 
Y 1 1 132121132 1 1 Y 1 23 211 <* 1 1 2 Y 1 2 121 11221221*1 2 13 1 Y 
Y a 44121U2 1 l Y 1 1 22 1U22222 2 2 2 1 Y 1 1 1 2 1312122 21 U U l 11 1 Y 
Y 21 111123* 3S1 141 Y 11 131112 3 i l H 13 1 1 1 1 Y 111 1 2 61 3212 1 1211 1 Y 
Y 1 1*124 22212 Y 1 1 3 511 331 21 1 Y 1 1 111 22212 2 31 21 l l 2 Y 
Y 11 1*1 231 1212 1 Y 1 H22211 221113 1112 2 Y 1 1 1113 22 1 3 331 1 1 1 Y 
Y 1 4 2112 2 3111H Y I 1 I 22 21 21 111 1 Yl 11 121 5 1 142 11 Y 
Y 213 1 2111 Y 1 1 321222311 2 H 2 12 Y 1 1 1 21 1 1 1 1 32 Y 
Y 1 111 1 12 Y 11 1 1 23 111 1? 2 1112 1 Y 1 11 1 21 22 1 2 Y 
Y 132* 12 1 1 Y 1 3 H H 3 U 1 11 l l l l . i Y 1 1 1 2 U Y 
Y 2 3 * 21 1 Y 1 11 111 12 2 1 21 11 1 1 1 Y 1 2 1 1 1 1 1 Y 
Yl u 3111-1 Y 1 1 11 1 122 1 l l 1 Y 1 1 1 1 1 21 Y 
Y 1 2111 Yl 1 1 H 112 1 11 1 Y 1 2 21 Y 
Y 1 Y 1 112 1 21 l l 1 Y 1 1 11 1 1 Y 
Y 1 1 1 Y l l l l 21 1 1 1 1Y 1 1 1 1 Y 
Y 1 2 Y 1 Y 1 1 Y 
Y 1 Y 11 1 Y 1 1 Y 
Y 1 1 Y 1 1 1 Y 2 1 1 1 Y 
Y Y Y 1 1 1 Y 
Y 1 Y 1 Y 1 Y 
XAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
NOTE-—PATH COST WAS USED IN THIS PLOT 
00 






























25 MtArj = 
Hour. = 














































STU ERROR = 
PEARS0NI AN s* 
.1 .3 
•I — 

































































z m o 
X T l 
X o 
6.9901 




>33 KURTOSIS (BETA 2) = 3.02 














: * * « .040 
46.6689 






































i * * * * * * * .080 
97.6439 J 
.000 
97.6439 J MAX 
NO, 035. = 25 MtAM = 57.6257 STU ERRO« 
A MOLTlMOO«L DISTRIBUTION 




























































































OF VARIATION s 
.000 
MAX 





























.10 .15 .20 
«* • 
* * * 



























































































i c cn z - h o x -n z o 
> X 
168.8656 „ 







(SETA 2) = 3.57 to 
.000 
. v . - 5 . 1 0 . 1 5 . 2 0 
- 1 . 7 4 4 * i - — i - — 1 1 - - — m i m 
1 . 0 0 0 
-1 .7449 I 
1.** ,040 
-1 .1546 I 
I . 0 0 0 - . 5643 I 
.0260 1 *** * * 2 8 ° 
.040 
,bl64 I 
I * * * * * * * * * * * ,120 
1 .2067 I 
I * * * * * * * * * * * * * * * .160 
1 .7970 I 
I * * * * * * * ,080 
2.3673 I 








I . 0 0 0 5.3386 I 
1*** ,040 
5.9291 I 
1 . 0 0 0 
6.5194 I 
I , 0 0 0 
7 . 1 0 9 7 I 
1 . 0 0 0 
7 . 7 0 0 0 I 
I . 0 0 0 
8.2903 I 
I . 0 0 0 
8.8807 I 
I , 0 0 0 
9.471C I 
I , 0 0 0 
10.0613 I 
I . 0 0 0 10.6516 I 
I , 0 0 0 
11.2419 I 
I . 0 0 0 
11.6322 I 
1 , 0 0 0 12.4225 I 




1 . 0 0 0 
13.6031 I MAX 
2 5 MEAN = 2.3058 ST" ERROH = 
*Ou£ = - .2464 PE*RSONlAN S* 
"0 . 1 . 2 . 3 . 4 •5 , 6 . 7 , 8 . 9 1 . 0 
. 0 0 0 
I * * . 0 4 0 
[** . 0 4 0 
t************* >*** . 3 2 0 
[..*...*...... ****** . 3 6 0 
[............. ****** . . . . . . 4 8 0 
L************I ****** . . . . . ********** . 6 4 0 
[************* ** * * . . . . . ************** . 7 2 0 
[.*.........*. ****** . . . . . ************** . 7 2 0 
[ ************* ***** . . . . . *************** . 7 6 0 
I************* ****** . . . . . *************** ***** . 8 4 0 
I * * * * * * * * * * * * * ****** . . . . . 1**************1 ******* . 8 8 0 
[************* ****** . . . . . ,*************** ******* . 8 8 0 
I************* ****** . . . . . 1 *************** ********* . 9 2 0 
[************* ****** . . . . . *************** ********* , 9 2 0 
I************* ****** . . . . . ,************** ********* . 9 2 0 
[************* ** * * . . . . . 1**************' ********* . 9 2 0 
[************* ** *  . . . . . **************** ********* , 9 2 0 
[************* ** *  . . . . . 1*************** ********* . 0 2 0 
[************I ****** . . . . . 1*************** ********* . 9 2 0 
[************* ** *  . . . . . **************** ********* . 9 2 0 
[************* ** *  . . . . . **************** ********* . 9 2 0 
[ ************* ***** . . . . . *************** ********* , 9 2 0 
I************* ****** . . . . . *************** ********* . 9 2 0 
[************* ** *  . . . . . 1*************** ********* . 9 2 0 
************* ***** . . . . . . . . . . . . . . . ********* . • . 9 6 0 
I************* ****** . . . . 4 . . . . . . . . . . . . . . 1 ********* * . . . ! . 0 0 0 
c 
X X 
- « m »- X A T i Z o 
x 








3,6740 COEp OF VARIATION 
,69 
. 0 0 0 
MAX 
t o 
= 1,59 KURTOSIS (»ETA 2) = 6.54 
c o r r e l a t i o n s and x - y p l o t s FOR PrECEEDiNG nOde 
U wtANS PLOTTING lG OR MURE POINTS PER UMlT CELL> 
T1ME(Y) VS COST(X) R - , 7 9 CObT(Y) V S PErFoRMAMCE(X) R = ,U9 PERFORMANCE<Y) VS TIME(X) R = . 4 5 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x * x x * x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x Y 1Y 1 1Y 1 Y 
Y Y Y 
Y Y Y IT 
Y Y Y 
Y Y Y 
Y Y Y 
Y Y 1 Y 
Y Y Y 
Y Y Y 
Y 1 Y Y 
Y Y Y 
Y Y 1 Y 
Y 1 Y Y 
Y Y Y • • •-• Y 
Y Y 1 Y 
Y Y Y 
Y 1 1 Y 1 1 Y 
V 1 1Y Y 
Y 1 Y Y 
Y 1 Y 1 Y 
Y Y Y 
Y Y Y 1 Y 
V Y 1 Y 
Y 1 1 Y Yl 
Y Y Y 
Y Y 1 Y 1 1 Y 
Y 1 1 Y 1 1 1 Y 1 Y 
Y 11 2 Y 1 Y 
Y 1 Y 1 Y 
Y 1 Y 1 Y 
Y 1 Y 1 1 Y 1 1 Y 
Y Y 1 Y 11 2 Y 
Y 1 Y 1 Y 1 1 . v 
Yi Y Y 1 T 
Y 1 Y 1 Y 1 T 
Y Y 1 1 Y 1 11 1 11 1 Y 
Y 1 Yl Y 
Y Y Y 
Y Y Y 
Y 1 Y 1 Y 1 T 
x x x x x x x x x x x x x x x x x x x x x x x x x a x x x x x x x x x x x x x x x x x x x x x x x x x X x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 
NOTE—PATH COST WAS USED IN THIS PLOT 
to 
CO 






























500 MEAN = 
MODE = 































8,1167 STD ERROH = 
8,4996 PEARSONIAN S*EW 






























1.3778 COEF OF VARIATION s 
.6 .8 .9 1.0 
•I——I MIN 
.000 




m a x 
.17 KURTOSlS (BETA 2) s 7 .85 t o 
• 28 


































, ************* .132 
102,4755 
. ************* .134 
106.6461 
I * * * * * * * * * * * * * .136 
110.8166 















140.0104 J MAX 
Ny. 08S. = 500 ME 
CFD .1 , 3 ,4 .5 .6 .8 




STU ERROK = 























































X o 3» X 
.000 
MAX 
•15 KURTOSIS (BETA 2) = 8.03 
hi " u «uS .10 .15 .20 ,25 CF : n ,1 .2 .3 ,4 .5 .6 .7 ,8 .9 1.0 
31.5/'•>•* 
.000 
J 1 • 0 f O I 
.000 
31 ,5?64 31,5764 






.006 * .012 
60.7656 60.7856 
.008 * .020 
68.0079 68,0879 
.010 * .030 
75,3903 75.3903 
.004 ** ,034 
82.69*6 82,6926 
.004 .** .038 
69.9949 89,9949 
.002 ** ,040 
97.297* 97,2972 
.000 ** .040 
104,5995 104,5995 
.002 ** .042 
111.9018 111,9018 
.000 ** .042 
119.2042 119,2042 ; 
.002 ** .044 
1 2 6 . 5 0 6 5 126,5065 
,000 ** .041, 
i 3 3 . a u a a 133,8088 
.008 *** .052 
141,1111 141,1111 
L****«+* .072 ****** .124 
148.4134 14^,4134 
[*•****»* .078 ********** .202 
155.7157 155,7157 
,*************** .156 ****************** .358 
163.0131 163,01*1 
**************** .162 ************************** .520 
170.32C4 170,3204 
*************** .160 ********************************** .660 
177.6227 177,6227 
*********** .120 **************************************** .800 
164.9250 184,9250 
********* .098 ********************************************* .898 
192.2273 192,2273 
I****** .056 ************************************************ .964 
199.529t) 199.5296 
;** .024 ************************************************* .968 
206.3320 206.8320 
.008 ************************************************** .996 
214.1343 214,1343 
.004 **************************************************] .000 
221.4366 J 221,4366 ] 
.000 .000 
*21.4366 ; MAX 221,4366 i MAX 
c c 
X < -t m 
v - X 
O f 




> X r 




STL) ERROR = 
PEARS0NIAN SKEW 
26,1360 COEF OF VARIATION = .16 KURTOSlS (BETA 2) = 10.56 
.07 C T i 
Mo .05 .10 .1"5 .20 .*5 
- I . 7 4 4 9 
I . 0 0 0 
- 1 . 7 4 1 4 9 I 
I .002 











I . 0 0 0 
2,6^28 1 






I . 0 1 0 
5.2129 I 
I . .018 
5.8454 I 
I* .020 



























I . 0 0 0 
14.7007 I MAX 
NO. OBS. = 500 MEAN = 9,2513 SU» ERROR = 
MODE = 8,8377 PEARSON^ ! 













































•I - I -
.8 
* * * * * * * * * * * 
i * * * * * * * * * * * * * * * * 
, * « * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * 
.9 1 . 0 
•I - I MIN 

























2.5546 COEf OF VARIATION = .28 
**** 
* * * * * * * * 
* * * * * * * * * * * 
* * * * * * * * * * * * * 
* * * * * * * * * * * * * * * ,982 
* * * * * * * * * * * * * * * * ,994 




- 1 r n — x o - n 
z o 
X 
r u i f 
1 z 
o 
z r n 
o JO T l 
z o 
,16 
KURTOSIS (BETA 2) = 6.15 
CORi'iLi. A T10N5 AND X-y PL0T5 FOR •'RECEEDlNG N^OE 
<* MtAJb PLOTTING lu OR MURE POINT** PER UnIT CELL) 
TIMEIY) VS CGSMX) R = ,H4 CObJ(Y) Vs PERFORMANCE (X) R = . 4 6 PERFORMANCE (T) VS TIME<X) R - . 5 0 
x x x x x x x x x x > A x x x x x x x x x x x x x A x x x x x x x x x x x x x x x x x x x * x x x x x X x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x y x x x x x x Y 1 Y 1 Y 1 1 Y 
Y 1 1 1 1 1 1Y 1 1 Y 1 Y 
Y 1 1 1 Y 1 1 1 Y 1 1 1 Y 
Y i 1 J 111 1 Y 2 Y 1 l l l l 1 2 1 1Y 
Y 1 1 2 U - i 6 3 l 2 1 Y 1 23 Y H 21 1 3 Y 
Y 1 3424*4532 Y 1 1 23 3 1 Y 312 331 11 Y 
Y 1 i:ll 4334*421 Y 1 113 12113 22 Y 111 122132511 Y 
Y 1 1 3 4 4 1 3 1 2 4 1 U Y 1 1 11121 423 32 12 Y 21141 1542 1 1 Y 
Y 211432566335 2 Y 111222251 111 Y 12 1151 2 1 2 1 1 2 2 1 Y 
Y 1 1 14233737231 Y 1 11117314221 2 3 Y H 1 1 4 3 4 1 2 2 1 Y 
Y 11 56547462 Y 1 11 1347632 121 23 Y 1 1232344431314 Y 
y 112/J3721I.2 Y 1 221122647243112 l l Y 11241231,863431 1 Y 
Y 1212*787362 1 Y 11 I 2 4 4 l 5 1 | 6 2 6 l 4 2 l 2 Y 12344552 2431 1 Y 
Y 1 * * 7 / 4 4 8 4 1 Y 2 2 465517321331 Y 1 4 1 4 2 5 4 7 1 6 1 2 ? 1 12 Y 
Y 1223/31.331, Y l l 1 42533741233 2 Y 1 1 2 3 1 2 5 6 4 1 7 2 2 2 4 2 1 1 Y 
Y 1251 314 Y 1 11 13384514113342 1 1Y 1 123454 4 3 4 7 ? 2 3 Y 
Y 4647212 Y 2 114323332223311 2 Y 1 1 1 H 2 2 7 1 112521 Y 
Y 1 11422 Y l l 111 3 41232 l l l 2 l Y 1 12 13 33 t 2 Y 
Y 1 111 Y 11122 34 13 l l 1Y 1 13 l l l l 3 1 2 Y 
Y 2 2 Y 1 11 21 11 Y l l 3 122 2 Y 
Y 1 1 Y 1 11 Y 11 12 1 2 1 Y 
Y 1 1 Y 1 Y l l l l Y 
Y Y 1 Y 1 12 1 1 Y 
Y 1 Y Y 1 2 1 1 Y 
Y Y 1 Yl Y 
Y 1 1 Y 11 Y 1 - Y 
Y 1 1 Y Y 1 Y 
Y 1 1 Y 1 Y 1 Y 
Y Y 1 Y Y 
Y 1 Y Y Y 
Y 1 Y Y 11 Y 
Y 1 1 Y 1 1 1 1 Y 1 Y 
Y 11 2 1 Y ;:..l 1 Y 11 2 Y 
Y 1 Y 2 1 Y 1 1 Y 
Y 1 Y 1 Y 1 Y 
Y 1 Y 1 Y l l l l 2 1 Y 
Yl 1 Y 1 Y Y 
Y 1 Yl 1 1 Y Y 
Y Y Y Y 
Y 1 Y 1 Y 1 Y 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 
NOTE PATH COST MAS USED IN THIS PLOT 
t o 
CO 
O'HTiaUK TtKMIJAL NODE INDtx - NO. ITERATIONS = 5 0 0 
I _„ •* .9500 
e i u C C E c i ; t . . . * * * * . * . . . . * * . » . * * * . . « * * * * * * * * * * * * * * * * * * - - » 
5 , 0 ^ I . .0500 
FAILP I****. """" - — — 
! „ „ . . , ! r _ u , — : ; — : r - - - - -
CRIT w A L - O H T l V U M P A T H INDEX - No. P A T H S = 500 
- - - - • < — . «H.20 
_ = ,0040 
, . . . . . . . « . . . . . . . . . * . * . . . . . . . . . * . . . * — —~ — , 5 0 2 0 
• — -_ -— — . — —— — — — ,0520 
. _ -_ — — .0100 
• . . * . . * . * * . . . . . . * » . * * . . * . . . . . . . . • * . * — _ _ - _ - _ - _ - _ - _ - _ . _ — — _ _ — _ » . - _ — _ — — — _ — - — — — — — — — — ,3640 
. . . . . . . — „_ _—_ — — - — _ - _ - _ - —.—-_— _-_ ——— — ,0680 
* . . . . . . * * . . . * * . * . . . . . . . . . . . . * . . * . * . . . . . . . . * . . * . . . . — — — — — — - - — — — — - — - — — — — — — - — ,5020 
»••**• _ — -_— —— ,0520 
. . . . . . . — —_ _— — — — -_— — — , 0 6 8 0 
. . . . . — — - — _ „ - . . . _ — _ — — — - - - — — - —-— — ,0520 
to 
• ** * * - - _ — - _ — - - - - - _ _ _ _ _ _ _ _ — _ - - — , 0 6 8 0 
***************************** * — — — - — — - — ,3020 
******************************************** ,6840 
_ -_ _- _ • — .0020 
****************************— - _ ~ — , 2 7 6 0 
** , .-_ • .0240 
* _- _ — _- -_ — ,0060 
******************* **********************************************— —-— .6440 
• . -_ — _- — .0340 
******************** ^****** * - - - - — — — - _ _ ,2760 
** _ — — ,0240 
* * * _ — _— -_ ,0340 
************* **- — -_ —— ,1460 
*********** —_ — —_-_— — - - - ,1040 
**********m************************* **********************— — — —--"— ,5740 
*************** — -_ — — — ——-— ,1460 
» ,* , , *** ,* ,**** _- -_ — ,1540 
******** —_ „—--_ — — — - _ - — ——-_— — — —-— ,1040 
************* **-—— _ — - - - - - - - — — — . 1460 
*************** ~ » — — — — — — - - - .1540 
. ***,•»***_ - - _ —-_ — ,1020 
*********************************************************-- -——--—-———*——————'-—-— ,5660 









W F ' j T 
W F L S 
W T D M 
* f : m 
F R C O 
EvT3 
Ev/SD 













• • 4 
, * * * * * * * * . * * * * * * * * * * . 
»*«************»•»••*•»«*** + *«< 
.**•»***•.*»-* —-_ _ -_ — 
• ••••«•**«•* _- ~- = — 























.2 ,3 .4 .6 .8 . 9 1.0 




NQ_-S CRINCA_-OPTlMljM PATH INDEX - NO. PAlHS = 500 
I 
SR&FER I**************************************************************************************************** I.OOOO 
1 * * * 1 OOOO 
X# * • + * * * . . * - - - - 'SSBO *" 
-sc 1 * * _ ^ 2 o 
I 
MllDI 1 *******************************************************-------------— - ~ ,5540 
I 
MIIAA I **************** ***************************—-----— — - - — — — - — _ — — —-— ,4320 
I 
BEST I I ***************************************************************************************************- ,9860 
I ^ ^ 
I 
LASTS I******************************— — - _ — — —— — ,3020 
I 
MTSVS l********************************************************************-"~—=-^—------ —— —~-- ,6840 
I 
MLTKL i**************** **************— — — - — — — — , 3 0 0 0 
I 
MLKM I******************************************** ************************-~~—'—'—~—'-—~—-—-—~'- ,6780 
I 
LAftTfl I ******************************—— — — — , 3 0 0 0 
1 * 6780 
I 
MLLTW I******************************———-- — — —-— ,3000 
I 
ML̂ TV I ************************************************** ******************--~-~'--'--~~~—'~—m—'-~~~'—~-~— ,6780 
1 
BEST* I**************************************************************************************************— ,9780 
I 
TERHT 1*************************************************************************************************-— ,9680 
CO 
B f c D G C I * * * * * * * * » * • * » • • « • • * * * * • * • + * • * • * * * , 9 5 8 0 
1 
T u O O O I * * * * * * * * * * * * — - — — — — - — — — , i g i i o 
I 
S c . ? 0 0 I • « * * • • * « * * , * • * * » . _ — — — — - _ — — — - _ — — — - - - , 1 6 8 0 
I 
I * * * * * * * * * * * * * * * * * * * * * * * * * * * * - - , 6 6 6 0 
V r t C O S I _ — • — . 0 0 4 0 
i 
M x n D T I * * * * * * * • * * * * - — — — - — - _ — — . 1 2 < » 0 
I 
M X ^ J S I * * * * * * * * * * * * * * * * * — — — - _ — _ - — — , 1 6 8 0 
1 
M x * . J O I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * - - — — , 6 6 2 0 
I 
1 
* 9 5 0 0 
I 
F m I L I • * * * * — — " ~ - — — — — — — , 0 5 0 0 
I * * * * * * * * * * * * - 9 5 0 0 
I 
F Al L P I * * * * * - — _ — ~ — , 0 5 0 0 
I 
I 1 — 1 — I — 1 — - — I 1 1 1 1 " I 




FALCON - run NO i - O'jTPUl OPTION 0 - NORMAL DATA 
RUN.- IDENTIFICATION CARU OPTION-" • — — -
Ji?'l OF RUN OPTION— " ~ 
JiPz. OF OUTPUT OpTIoN- " " — - — < — 
COSTING AND PRUNING o p t i o n — — - — 
INITIAL S E E D — — 
N U . 4 J t r t OF ITERATIONS— — — - — " 
YEARLY INTEREST rATE USED FOR PH£SENT VALUE DISCOUNTING—— 
t i me f a c t o r * h k n c o n v e r t s program t i m e t o a y e a r l y b a s i s 
t i m e c o s t Performance 
t e r m i n a l node s e l e c t i o n wt- ights ,00 ,00 1»00 
CHITICflL - OPTIMjM PATH WEIGHTS ,00 ,00 1.00 










FAILP 3 1 -1 
£i*ONOUE 
OPTIMAL PATH HAS 
NO. OdS. = 47? 
NO. Oi>S. = 473 
SO. 03s . = 473 
NO. Obs. = 473 
NO. Obs. = 27 
NO. Oos, = 27 
NO. OUS. = 27 
NO. OBs. = 27 
NO. OoS, = 500 
NO. O o s . = 500 
NO. OoS. = S00 
NO. Otis, s 500 
BEEN REdUtsTED. THIS REQUIRES AN ADDITIONAL AMOUNT OF COMPUTER 
8,3057 MAX = 
NETWORK TIME FOR NODE SUCCESS 
MIN = 6.1624 AVE = 
HATH COsT FOR NODE SUCCESS 
MIN = 77.5081 AVE = 
OVERALL COST FOR NODE SUCCESS 
MIN = 135.9667 AVE = 
PATH PERFORMANCE FOR »<0DE SUCCESS 
MIN = 3.7250 AVE = 
NETWORK TIME FoR NODE FAILP 
Mltg - 1.9651 A','E ~ 
MIN = 
h a t h c o s t f o r node f a i l p 
32.5021 AVE = 
OVEKALL COST FoR NoOE FAILP 
MIN = 38.50«*9 AVE = 
PATH PEKFORMANCE FOR NODE FAILP 









NETWORK TIME FoR THE COMPOSITE TERMINAL NODE 
1,9651 AVE = 8.0567 MAX 
h a t h c o s t f o r t h e c o m p o s i t e t e r m i n a l node 
min = 32.5021 ave = 103.2288 max 
OVEKALL COST FoR ThE COMPOSITE TERMINAL NODE 
MIN = 38.5049 AVE = 165,6050 MAX 
PATH PERFORMANCE FoR THE COMPOSITE TERMINAL NODE 














1 3 5 
A P P E N D I X I I I 
VERT PROGRAM CHANGES 
L i s t e d b e l o w a r e p r o g r a m c h a n g e s f o r VERT s u b r o u t i n e s 
DOARC,RANDOM a n d GAM. T h e s e c h a n g e s w e r e n e c e s s a r y t o c o n v e r t 
t h i s p r o g r a m t o t h e s m a l l e r - b i t U N I V A C 1 1 0 8 c o m p u t e r . 
SUBROUTINE GAM 
(COMMON BLOCKS AS L I S T E D ) 
T I M E S M = 0 . 0 
DO 7 4 7 7 I = 1 , I S A V E 
CALL RANDOM 
7 4 7 7 T I M E S M = T I M E S M + ALOG(UNFORM) 
RETURN 
SUBROUTINE RANDOM 
(COMMON BLOCKS AS L I S T E D ) 
I S E E D = I S E E D * 3 1 2 5 
I F ( I S E E D ) 5 3 7 7 , 5 3 8 8 , 5 3 8 8 
5 3 7 7 I S E E D = I S E E D + 3 4 3 5 9 7 3 8 3 6 7 + 1 
5 3 8 8 UNFORM = I S E E D 




UNFORM = - ( T I M E S M ) / A S T O R E ( 1 3 ) G L M 2 7 3 3 0 
1 3 6 
UNFORM = - (TIMESM)/0 .5 + PROBl G L M 2 7 5 1 0 
PROB1 + - (TIMESM) 
PROB2 = -(TIMESM) 
137 
A P P E N D I X I V 
F A L C O N R U N D A T A 
T h e f o l l o w i n g p a g e s c o n t a i n c o m p u t e r l i s t i n g s o f 
t h e d a t a i n V E R T i n p u t f o r m a t w h i c h g e n e r a t e d t h e r u n s i n 
t h e b o d y o f t h e t h e s i s . T h e r u n i d e n t i f i c a t i o n c a n b e m a d e 
b y t h e a l p h a - n u m e r i c c a r d l i s t e d s e c o n d i n t h e d a t a l i s t i n g . 
T h e r e a d e r i s r e f e r r e d t o t h e V E R T i n s t r u c t i o n s b y M r M o e l e r 
f o r a n e x p l a n a t i o n o f i n d i v i d u a l d a t a e l e m e n t s . 
138 
1 M 9 6 5 8 1 1 5 1 . 0 1 . 0 
FAl C"N- - kMN AO 1 - OUTPUT O P T I O N 3 - NORMAL DAT/* 
OR r-T SI ART BLGID 1 . 0 OGANIZE TEST DlPECTORATE 
O R c T Dl IME 1 2 . 0 . 5 1 . 5 
OR^T OcOST 1 3 . 0 1 0 . 0 1 9 . 0 1 5 . 0 
I M n R 3r_Gln IMPSC 1 . 0 IMPROVED RADAR PETECTION 
IMHR or IME 1 4 . 0 . 5 1 . 5 1 . 0 . 1 5 
I M n R RCOST 1 1STIMPR K 1 0 . 0 K 1 . 0 
I M ^ R DPERF 1 4 . 0 . 5 3 5 . 0 2 0 . 0 8 . 0 
R A n R Bt-GID RADSC 1 . 0 B A S I C RADAR D E T r C T I O N 
R A n R Dl IME 1 4 . n . 5 1 . 5 1 . 0 . 1 5 
R A n R RCOST 1 1STRAOR K 1 0 . 0 K 1 . 0 
R A n R D H E R F 1 4 . 0 . 3 3 0 . 0 1 « . 0 8 . 0 
F * n T I.-iPSC F A I L 1 . 0 F A I L TO DETECT GE 5 K IMPROVE. 
I E r O IMPSC M I I D I . 9 0 LCM ON IMPROVED RADAR 
T E r O F i L T l 1 5 . 0 
RCOST 1 15CIMPR K . 5 K 1 . 0 
L V E R F 1 4 . 0 - i O . O - . 1 - 5 . 0 3 . 0 
lFrF IMPSC MITDI . 9 5 cCM OFF IMPPOVpn RADAR 
T E r F F i L T l 1 5 . 0 
F A n R K h D S C F A I L 1 . 0 F A I L TO DF T P "CT <̂ E 5 K REGULAR 
R E r 0 R a D S C MI TOP . 9 0 ECM ON REGULAR 
PFrO F i L T l 1 5 . 0 
P F r 0 rtcoST 1 1 S C R A . h r K . 5 K 1 . 0 
R E r 0 j p r R F 1 4 . 0 - 1 1 . 0 - 1 . 0 - 5 . 0 3 . 0 
PF^F R a D S C MIIDR . 9 5 cCM OFF REGULAR 
P E r F F i L T l 1 5 . 0 
F A T I MiTDT F A I L 1 . 0 K A I L COWPARTSOM R E L I A B I L I T Y IMPROVED 
MiTD-I B E S T ! 1 . 0 bUCCESS ECM ON TMPROVED 
D n r i Mi I D I B E S T I 1 . 0 SUCCESS ECM OFF IMPROVED 
A T R MiTDR F A I L 1 . 0 h A I L CO^PAPTSONJ R E L I A B I L I T Y REGULAR 
B D n R Mi TDR B E S T ! 1 . 0 bUCCESS ECM ON "EGULAR 
R D r R Mi I DP B E S T I 1 . 0 S U C C E S S ECM OFF REGULAR 
F A T S 3 ^ S T T FA TL 1 . 0 F A I L COWPARTSOM DECTI'ON 
FM n T d t - S T T BLGTK 1 . 0 o E S T V A L U E TMPp^VED SYSTEM 
F' BEGTK 1 . 0 b E S T V A L U E TMPROVED ECM OFF 
F r r P 3 u S T I BEGTK l . o u E S T V A L U E PEGill AR 
F M n P ;3<_stt BEGTK 1 . 0 L i E S T V A L U E "EGlH.AR F C M OFF 
L A C T 8 _ 0 T k L a S Y S 1 . 0 L . A S F R TRACK F T r * " SYSTEM 
LA^T J f IMF 1 4 . n . 5 3 . 0 1 . 2 . 9 
L A r T Rv.OST 1 1 S T L A S T K i o . o k l . n 
L A^T DHFRF 1 4 . 0 2 . ? -.1 - 1 . 0 . 4 
MA M T 3 c ^ t k M T S Y S l . n MANUAL T r a C F T P E SYSTEM 
m A " T D I I M F 1 4 . o . 5 3 . 0 1 . 2 . 9 
M a " T Rv-OST 1 1STMAMJ K x O . n Y 1 . 0 
MAMT OHFPF 1 4 . 0 4 . 2 - . 3 - l . l . 9 
FA' 1 L m S Y S F A I L 1 . 0 K A I L L A S E R t R a c » V F I R E GT 3 K 
LT"A L m S Y S M I T K L . 9 5 HIGH A L T I T U n E EFFECT LASER 
l t u a F i L T l 1 3 . 0 
L T " A J r E R F 1 4 . P - . 9 - . 5 - . 7 5 . 1 
L T M A L m S Y S MITKL . 9 0 MEDIUM A u T l T U P F EFFFCT LASER 
L T"A F i L T l 1 3 . 0 
L T M A J H F R F 1 4 . 0 - . 9 . 5 0 . 0 . 2 5 
L T M A Rv^OST 1 1 S C L A C T K . 2 K l . n 
FA"P Ml S Y S F A I L l . n F A I L MANUAL T R a ^ K / F I R E GT 3 K 
Ml SYS MITKM . 9 5 hIGH A L T l T U n E E r F E C T M ANUAL 
5 0 . 0 
5 U . 
5 U . 
5 0 . 
5 0 . 
bU. 
139 
MTMA F 1 L T 1 1 3 . 0 5 0 . 
DHFRF 1 - 1 . 5 - . P - 1 . 0 . 1 
Ml SYS MITKM .90 MEDIUM ALTITUDE EFFECT MANUAL 
MTMA F I L T 1 1 3 . 0 5 0 . 
Dr'FRF 1 - 1 . 2 . « 0 . 0 . 2 5 
R_.OST 1 1 S C M A N T K . 2 K 1 . 0 
FA' I MiTKL FATL 1 . 0 F A I L LA^ER COMPARISON ALTITUDE 
T S ^ L MiTKL LAU'TR 1 . 0 S U C C E S S LASFR HTGH ALTITUDE 
T S M L MiTKL LAWTR 1 . 0 S U C C E S S LASFR M E D I U M ALTITUDE 
F A M I MiTKM F A I L 1 . 0 KAIL MANUAL COMPARISON ALTITUDE 
T S P M MiTKM MAWTR l . n SUCCESS MANUAL HIGH ALTITUDE 
TS*-'M MiTKM MAWTR . 1 . 0 SUCCESS MAM"AL M E D ALTITUDE 
HVI .A LmWTR MILTV .95 HIGH V I S I B I L I T Y LASER ECM OFF 
HVI A O H E R F 1 4.0 - 5 . 0 - 1 . 0 - 3 . 0 . 7 5 
LVf A LmWTR MILTV .90 LOW V I S I B I L I T Y LASER ECM ON 
LV< A O K E R F 1 4.0 - 9 . 0 - 2 . 0 - 4 . 0 1 . 5 
LV« A ; « < _ O S T 1 1 S C L A S T K . 1 K l . n 
H V"A ^mWTR MI MTV .95 HIGH V I S I B I L I T Y MANUAL TRACK 
HVMA O H F R F 1 4.0 - 1 . 0 1 . 0 0 . 0 . 2 5 
LV"A MmWTR MI MTV .90 LOW V I S I B I L I T Y MANUAL 
t_VMA O H F J P F 1 - 5 . 0 - 2 . 0 - 3 . 0 . 8 
LV̂ 'A HcOST 1 1 S C M A M T K . 1 K 1 . 0 
FAV'L MiLTV F A I L l . n F A I L LASER V I S I B I L I T Y COMPARISON 
n TI A MiLTV B E S T K .95 S U C C E S S HIGH V I S I B I L I T Y LASER 
P T I P, ,ULTV B t S T K .90 S U C C E S S LOW V T S T B T L T T Y LASER 
FVM Mi-^TV F A I L 1 . 0 F A I L M A N U A L V I S I B I L I T Y COMPARISON 
PT"A Mi MTV PESTK .95 S U C C E S S HIGH V I S I B I L I T Y MANUAL 
rUMR /liVTV G E S T K .90 S U C C E S S LOW V I S T B T L I T Y MANUAL 
' • 'P r l •}l_STK TcPMT 1 . 0 S U C C E S S L A S F R H*GH V I S I B I L I T Y ECM ON 
MPr2 U-.STK TEDMT 1 . 0 S U C C E S S LASFR [_\t FCM OFF 
v p ^ 3 :>cSTK TERMT 1 . 0 S U C C E S S MANUAL MIGH V I S I B I L I T Y • ALTITUDE 
J - S T K T E P M T 1 . 0 S U C C E S S M A N U A L LOW V I S I B I L I T Y 
P ^ TK d_.ST<< F A I L l . o F A I L TP*CK rOMp<\RTSON 
F S V S TuRMT F A I L l . o H A I L T P ^ C K / ^ I P F CYCLE GT 2 K 
LO°C TcPMT BEDOC 1 . 0 B E G I N DOCTRINE T E S T 
l.O^C F l L T l 1 2 . 0 5 0 . 
LO~C 1 lSPTF^MT K - 1 . 0 K 1 . 0 
LO"C J _ O S T 1 4 . o 1 0 . 5 1 8 . 5 4 . 0 
P T r o riuhOC T O G D O 1 . 0 K A D A R TOuET^R n^CTRTNF 
p r ° o J 1 IMF 1 4.0 . 8 3 . 0 1 . 5 . 1 
PT n O U_OST 1 lSTRT^O K 1 0 . 0 K 1 . 0 
PT°0 J H F R F 1 4.0 1 . 5 3 5 . 0 1 9 . 0 4 . 0 
P S R O SEPDO 1 . 0 K A D A R SFPARATF n o c T P l N E 
P S n O J i I ME 1 4.0 . 8 3 . 0 1 . 5 . 1 
P S N O R _ O S T 1 l ' S T R S n o K 1 0 . 0 K 1 . 0 
RSnO D r ' F R F 1 4.0 b.O 3 ^ . 0 2 0 . 0 4 . 0 
Ryro ,3_.noc M O P D O 1 . 0 mOOFRATF DOCTRy^E 
Rrino J 1 IMF 1 4.0 . 8 3 . 0 1 . 5 . 1 
P v N O ,«t_oST 1 ISTRMno K 1 0 . 0 K 1 . 0 
p n n o Dr'FRF 1 4.0 2 . 5 3 7 . 0 1 9 . 5 4 . 0 
F A T 0 TvjGDO F A I L 1 . 0 F A I L T O G E T H E R P n C T R l N F GT 5 K 
WT̂ T ToGOO M X R D T 1 . 0 WEAPONS TIGHT TOGETHFP DOCTRINE 
WT~T F i L T l 1 5 . 0 5 0 . 
WT"T DHERF 1 4.0 - 6 . 5 - 3 . 5 - 5 . 0 . 8 
WF'VT TuGDO M X R D T 1 . 0 WEAPONS FREF TOGETHER DOCTRINE 
WF n T F l L T l 1 5 . 0 5 0 . 
WF n T J H F R F 1 4 . 0 - 1 . 0 2 . 2 0 . 0 . 7 
1 4 0 
F A c O S l - P D O FAIL l . n FAIL SEPARATE D^CGRINF. GT 5 K 
WT^S s l p d o M X R D S 1 . 0 WEAPONS TIGHT SCPARATE DOCTRINE 
WT^S F l L T l i 5 . 0 5 0 . 
W T r S D H F R F l 4 . 0 - b . 5 - 5 . 0 - 6 . 0 . 8 
WF^S Si_PDO M X R D S 1 . 0 WEAPONS FRE r SFnARATE DOCTRINE 
WF~S F l L T l l 5 . 0 5 0 . 
W F ^ S O H E R F l 4 . 0 0 . 0 3 . 5 1 . 0 .7 
F A " 0 M o D D O FAIL 1 . 0 FAIL MODERATE DOCTRINE 
WT n M rtuQDO VRCOG 1 . 0 VISUAL RECOGNITTON REQUIRED 
WT"M F l L T l l 5 . 0 5 0 . 
W T n M D H E P F l 4 . 0 - 7 . 5 - 4 . 0 - 5 . 5 . 8 
W F ^ M M u O D O MXRDO 1 . 0 WEAPONS FREF M o o e R a T f DOCTRINE 
W F n M F l L T l l 5 . 0 5 0 . 
W F ^ M O P E R F l 4 . n - . 5 3 . 0 . 5 .7 
F R T O V k C O G FAIL 1 . 0 FAIL VISUAL RECnG 
F R ^ O M l . 1 
V R ^ O \Jt\COG M X R D O 1 . 0 VISUAL P-XOSNTTTON SUCCESSFUL 
V R C O M l . 9 
V R < ~ 0 • H E R F l 4 . 0 - 7 . 5 - 4 . 0 - 5 . 5 . 8 
F A M T M / v P D T FAIL l . n F A I L DOCTRINE T * G T GT 2 K 
F V T D M a R D T T E S T D . 9 5 EVALUATE DOCTPIME TOGETHER 
F i L T I l 2 . 0 5 0 . 
f v t d r ? r * E R F l lSPMXPQT K - 1 . 0 K l . n 1 S P M X R D T K .5 K 1 . 0 
F A " S V I a P D S FAIL 1 . 0 F A I L DOCTRINE TOGETHER GT 2 K 
F V « ^ D M a R D S T E S T O . 9 0 LVALUATE D O T R I m ^ SEPARATE 
r v r n F l L T l l 2 . 0 5 0 . 
F V D ~ < V F R F l ISPMXPuS K - 1 . 0 K 1 . 0 1 S P M X P D S K . 5 K 1 . 0 
F A " N ' 4 a R D 0 FAIL 1 . 0 FAIL M o n ^ R A T E P^CTRTNE GT 2 K 
F V " j M a P D O T E S T n . 9 5 LVALUATF M 0 n E P A T E DOCTRINE 
F V , J D F i L T I i 2 . 0 5 0 . 
F V " D K k E R f l 1 S P M X P D 0 K - 1 . 0 K 1 . 0 1 S ° M X R D 0 K . 5 K 1 . 0 
F A ^ O T _ . S T O FAIL l . o F A I L DOCTRINE COMPARISON SMALL TEST 
I . T ^ l T i _ S T n COMpo . 9 5 L A R G E T F S T TOGETHER DOCTRINE 
L T ^ l J r * E R F l 4 . o - 2 . 0 - . 5 - 1 . 0 . 4 
L T ~ P T l . S T ^ C O ^ p n . 9 0 L A R G E T F S T S E P a p T E DOCTRINE 
t . T ^ 2 D r * F R c l 4 . 0 - _ > . 0 0 . 0 - 1 . 0 . 4 
l . T ~ 3 T c S T n C O M P D . 9 5 L A R G E T r S T
 M 0 D F n A T E DOCTRINE 
1 . ^ 3 J r ' F R F l 4 . 0 - 1 . 0 - . ^ 5 - . 5 . 4 
F A ^ R F A I L 1 . 0 F A I L L A R G E T E S T DOCTRINE COMPARISON 
P F < ~ . 1 C u * I P n A D F O O 1 . 0 S U C C E S S T O G F T M F " DO TRINE 
pr . '"i J i I M F l 4 . 0 _ i . O 5 . 0 3 . 0 . 5 
R - O S T l 1 S T B F S 1 K iO.O K l . n 
C u ^ P O A D E Q D 1 . 0 S U C C E S S S E P f t R A T r DOCTRINE 
R F ^ 2 D I I M F l 4 . 0 _ 1 . 0 5 . 0 3 . 0 . 5 
P F < ~ 2 R _ O S T l 1 S T R F C 2 K . 0 . 0 v l . n 
P F r 3 C u M P D a u f q p 1 . 0 S U C C E S S M O D r R A T r DOCTRINE 
P F r " 3 D 1 T M F l 4 . 0 2 . 0 5 . 0 3 . 0 . 5 
R u O S T l 1 S T R F S 3 K 1 0 . 0 v l . n 
F A T L " T K U F h T L B O O T H T L L 1 . 0 bURRIES UNWANTF^ FLOWS 
P L < ~ K F « I L B O O T H T l L 1 . 0 bLOCKS I . a T T A T i r » N OF POOTHILL 
R L ^ K F i L T 3 l -STOP 
F A * P A u E G O FAIL l . n F A I L DOCTRINE G T 2 K 
S T ^ P A u E O n s u c c f c s 1 . 0 bUCCESS UOCTRINF 
S T ^ P F 1 L T 1 l 2 . 0 5 0 . 
F D r C F m I L FAILP 1 . 0 FAIL R AND I PFOT DTST 
F Q r C F i L T 3 l - S T O P 
1 4 1 
START 
B E r i n 
i m ^ s c 
R A n s r 
M I T D I 
M I T D T 
M I T O R 
M I T D " 
B E C T T 
R E c T I 
P E ^ T T 
B E ^ T K 
L A c YS 
MT5YS 
M I T K L 
MT T Kf . 
M T " " K M 
L A U ' T P 
M A V T R 
5 - 1 
L. 'NKIECO 
S - 1 
L iNKRECO 
5 - 1 
L i M K B D O l 




5 - 1 
L i N K L T H A 




O P O I 
R D O R 
END I 
F A I S 
T S P L 
TSPM 
M U TV 5 - 1 -1 . 0 SELECT M I N m t i TV LiMKMVLA BTLA LVLA p T L B 
M I " T V 5 - 1 -1 . C bELFCT M I N M T / ' T V LiNKHVMA BTMA LVMA RTM9 
rF r T K " 5 - 1 1 .0 SELECT M I N 
L i N K R T L A M n t r j P I L 9 MPE2 
P E r T " L i N K FrtTK 
T R n M T 4 4 
^ F . r O r 4 2 
T O r - D * 2 4 
s r ° p o 2 4 
M O ^ D P 2 4 
V R r C ^ 2 3 
M X r > D T 2 4 
M X ° D r . 2 4 
m x p o ^ 4 4 
T F c T n 5 - 2 
T ^ C T ^ L i ' l K E V T D L T D 1 
r o " P " 5 - 1 
r 0 w p n L i M K L T D l n r S l 
/ \ D r O n 3 4 
F / i T L 3 b 
S i j r C F S S 3 1 
FA T L ° 3 1 
P 0 ^ T M l L L 2 1 
F ' l n N O j E 
1 1 ? 1 ^ 0 4 5 0 1 4 2 3 3 7 
F A ' C ^ N - r\UN , ,0 1 
F n r a p c 
3 2 1 
4 4 2 
START P O I N T 
DIRECTORATE 0 R G A N I 7 E P , B E G I N DETECT P H A S E 
T E S T I N I T I A T E ^ t m p R O V E D RADAR 
TEST I N I T I A T E D " E G U L A * RADAR 
- 1 . 0 SELECT M I N I M U M n i s T A N C E IMPROVED E C M 
I E C F R D F I F A I I 
- 1 . 0 SELECT M I N I M U M D ISTANCE REGULAR RADAR» E C M 
R t C F RDFR F A I R 
0 SELECT THE R E S T SYSTEM* WORST C O N D I T I O N S O E C T I O N 
B U F I ENDO "DOR ENDR BDFR ENuB 
B E G I N TRACKTNG AND F I R I N G PHASE OF T E S T 
LASER TEST T N I T T A T E D 
i - i A N I J A L / P A D A p T f ^ T I N I T I A T E D 
- 1 . 0 SELECT m i n D I S T A N C E LASER A L T I T U D E TEST 
LTMA TSML F A L I 
- 1 . 0 SELECT M I N P I S T A N C E MANUAL A L T I T U D E 
M T M A t s m m f a m i 
b E G l N WFATHFR T r S T LASER 
bEGTN WFATHFR T r S T M A N U A L 
F A V L 
R D I S T M A N U A L 
F A V M 
H T T I 0 N 5 B E S T S Y S T E M T R K / F I K Pf 
° T M A * * P E 3 B T M B MP£4 
l N H T P A C K / F T R E P H A S E OF T E S T 
b E G I N D O C T R T N F T E S T 
K A O A R Tf>oETMEP H O C T R I N F I N I T I A T E D 
m A D A R S E P A R A T E P O C T R T M E I N I T I A T E D S T 
K A D A R M O D E R A T E T E S T T M I T I a T E l ) S T 
V I S H a L F E C O ^ N T T T O N R E Q U I R E D 
l v a l u a t ^ r d ° t o g e t h e r d o c t r i n e 
cVALUATF R 0 n S F n A R A T F D O C T R I N E 
L V * \ L U A T r R O R M o n E R A T r D O C T R I N E 
1 . 0 bELFCT PEST TWO D O C T R I N E S S M A L L S C A L E TEST 
EvSD LTD? r V M D L T u 3 F A J O 
0 SELECT PEST D ^ C T R I N F L A R T E S C A L E T E S T 
L T D ? BES2 L T D 3 B E S 3 
ADEQUATE D F c E N S r A N H P R O T E C T I O N C H E C K 
S I N K F O p F A
 T L U R , r F L O W S 
SUCCESS 
K A I L P P O J E C T 
U N W A N T E D F L O W S 
1 . 
F A U B 
«̂ nn l . n 1 . 0 
O U T P U T O P T I O N 2 - N O R M A L D A T A 
RE^TK 
T F D M T 
F N r U O u E 
l l ? l j ? 7 5 3 5 1 5 0 R 6 
FA' C«N - K U N N O 1A -
F N ^ A ^ C 
BE^TK 3 2 1 
T E " M T 4 4 2 
5 0 0 
OUTPUT 
- 1 . 
O P T I O N 2 - N O R M A | . 
- 1 . 
DATA - N E G A T I V E PERFORMANCE CP 
EN^NODE 
11 l O 2 7 5 3 5 1 5 0 9 6 5 0 0 l . n 1 . 0 
FALCON - * U N NO l - O'lTPUT O P T I O N 0 - NORMAL DATA 
E N n A R C 
FA T L P 3 1 - 1 
EN n NODE 
1 4 2 
1 M 9 6 5 8 1 1 5 l . n 1 . 0 
FAl c ^ n - RuN MUMbER TWO - UNIFORM D I S T R I B U T I O N S 
OR<~T SIa R T B E G I D 1 . 0 OGANIZE TEST DIRECTORATE 
OR^T o n me 1 2 . n . 5 1 . 5 
OR^T DbOST 1 3 . 0 1 0 . 0 1 ° . 0 1 5 . 0 
IM°R B c G l D IMPSC 1 . 0 IMPROVED R A n A P D E T E C T I O N 
IM°R J 1 I M F 1 2 . 0 . 5 1 . 5 
IW 'R RLOST 1 1 S T I M P R K 1 0 . 0 K 1 . 0 
IMPR DHFRF 1 2 . 0 . 5 3 5 . 0 
PA^R B c G I D RADSC 1 . 0 B A S I C RADAR D E T E C T I O N 
RA nR 0 I T ME 1 2 . 0 . 5 1 . 5 
RA r R RLOST 1 1STRA0R K 1 0 . 0 K 1 . 0 
P A r R •KFRF 1 2 . 0 . 3 3 0 . 0 
P A r T Ii*.PSC F A I L 1 . 0 F A I L TO DETFCT GE 5 K IMPROVE 
TFTO IMPSC M I I D I . 9 0 LCM ON IMPROVED RADAR 
T E r O F l L T l 1 5 . 0 
T F r O R_OST 1 1SCIMPR K . 5 K 1 . 0 
TF r O J^ERF 1 2 . 0 - 1 0 . 0 - . 1 
T F r F I.mPSC M 1 I O I LCM OFF IMPROVED RAOAR 
IF^F F l L T l 1 5 . 0 
FA^R RnDSC F A I L 1 . 0 F A I L TO DETECT GE 5 K REGULAR 
P F r C r u n s c M I I D P . 9 0 ECM ON REGULAR 
Rr^o F i L T I 1 5 . 0 
P F r O RlOST 1 ISCRAhk K . 5 K 1 . 0 
P F r O Dr-'FRF 1 2 . 0 - i i . n - l . o 
P F r F RmOSC M I I D R . 9 5 cCM OFF REGULAR 
R F r F F i L T I 1 5 . 0 
Ft T I Mi IDT FAIL 1 . 0 r A I L COMPAPTSON R E L I A B I L I T Y IMPROVED 
p.d^i M l I D I BESTI 1 . 0 SUCCESS ECM OM TMPROVED 
Mi ID I B t S T T 1.0 SUCCESS ECM OPF IMPROVED 
F a t R M i T D P F A I L l . n FAIL CO^PARTSOm R E L I A B I L I T Y REGULAR 
Mi I D P B t S T T l . n SUCCESS ECM OM »EGULAR 
R D r R M i l D R BESTI l . o SUCCESS ECM O^f REGULAR 
F A ' S ii_.r>TT F A I L 1.0 FAIL COMPARISON D E C T I O N 
F r r I i-i-STT BE^TK l . n uEST VALUE TMPpovFD SYSTEM 
FMnr> w t S T I REGTK l . n uEST VALUE IMPROVED ECM OFF 
FMnR ii_.STI BEGTK l . n bEST VALUE REGULAR 
-Ft i n t l tf<_ST! PEGTK 1 . 0 bEST VALUE "ESIJLAR F C M OFF 
L A r T d c G T f LASYS 1 . 0 LASFR TRACK FIRC" SYSTEM 
L A r T 0 1 IMF 1 2 . 0 . 5 3 . 0 
L A F T K_OST 1 l b T L A S T K 1 0 . 0 K 1 . 0 
L A C T Jh'FRF 1 2 . o - 2 . 2 - . 1 
M A M T lic-GTK MTSYS 1 . 0 MANUAL TRACK F I » E SYSTEM 
•<AMT DI IMF 1 2 . 0 . 5 3 . 0 
MAMT R.OST 1 1STMA-MT K i O . O K 1 . 0 
MAMT DHERF 1 2 . 0 - < + . 2 
FA» T LmSYS F A I L 1 . 0 FAIL LASER T R A C * / F l R E GT 3 K 
LTUA LaSYS VITKL • Os h-IGH A L T I T U D E F r F E C T LASER 
LT UA F i L T I 1 3 . 0 
LT l JA DHFRF 1 2 . 0 - . 9 - . 5 
LT'A LhSYS WITKL . 9 0 MEDIUM A L T I T U D E EFFECT LASER 
LT"A F i L T I 1 3 . 0 
LT"A Dr"ERF 1 2 . 0 . 9 . 5 
LT"A R lOST 1 1SCLAST K . 2 K 1 . 0 
FA"R Ml SYS F A I L 1 . 0 F A I L MANUAL T ^ A ^ K / F I R E GT 3 K 
MT"A MJSYS MITKM . 9 5 n l G H ALTIT IJOE F F F E C T MANUAL 
5 0 . 0 
5 0 . 0 
b O . O 
5 0 . 0 
5 0 . 0 
5 0 . 0 
1 4 3 
M T M A F 1 L T 1 1 3 . 0 5 0 . 0 
MT U A DHERF 1 2 . 0 - 1 . 5 
MT M A Ml SYS M I T K M . 9 0 M E D I U M A L T I T U D E E F F E C T M A N U A L 
M T U A F i L T l 1 3 . 0 5 0 . 0 
M T ' A O K F R F 1 2 . n - 1 . 2 . « 
MT"A RcOST 1 1SCMAMT K . 2 K 1 . 0 
FAI I M i T K L F A I L 1 . 0 F A I L LASER C O M P A R I S O N A L T I T U D E 
T S ° L M i T K L LAWTR l . n SUCCESS L A S r R H ^ G H A L T I T U D E 
T S " L M i T K L LAWTR 1 . 0 SUCCESS L A S r R M r D T U M A L T I T U D E 
F A W I M i T K M F A I L 1 . 0 F A I L MANUAL C O M P A R I S O N A L T I T U O E 
TS°M M i T K * - ' MAWTR l . n SUCCESS MANUAL H I G H A L T I T U D E 
T S M M MiTKM MAWTR 1 . 0 S U C C E S S MAN' ' A L M E D A L T I T U D E 
HVl A LmWTR M I L T V . 9 5 H I G H V I S I B I L I T Y L A S E R E C M OFF 
HVl A OKERP 1 2 . n - b . O - 1 . 0 
LVI A LmWTR M I L T V . 9 0 L O W V I S I B I L I T Y L A S E R E C M O N 
LV! A OPERF 1 2 . n - < * . 0 - 2 . 0 
l_V! £ RACIST 1 1SCLAST K . 1 K 1 . 0 
HV"A MhWTR M I M T V . 9 5 H I G H V I S I B I L I T Y M A N U A L T R A C K 
MV"'A DPFRr 1 2 . n - 1 . 0 1 . 0 
LV*"A MmV.'TP M I M T V . 9 n L O W V I S T d l L T T Y M A N U A L 
LV»-"A DHERr 1 2 . 0 - b . O - 2 . 0 
LV"A RcOST 1 l S C M A ^ T K . 1 K 1 . 0 
F A W L M i L T V F A I L l . n F A I L LASrIR V I S I B I L I T Y C O M P A R I S O N 
R H A M i L T V BESTK . 9 5 SUCCESS H I G H V I S I B I L I T Y L A S E R 
RT». R M i L T V BESTK . 9 0 SUCCESS L O W V I S T B I L T T Y L A S E R 
FA V 'M M i M T V F A I L l . n I - A I L MANUAL V I S T B T L T T Y C O M P A R I S O N 
RT"A M i " T V BESTK . 9 5 SUCCESS H I G H V I S I B I L I T Y M A N U A L 
PT"R M i M T V BESTK . 9 0 SUCCESS L O W V T S T B I L T T Y M A N U A L 
M p r j tfcSTK TERMT l . n SUCCESS LASER H T G H V I S I B I L I T Y E C M ON 
i icSTK T E p M T l . n SUCCESS LAS^R \ y F C M OFF 
Mpr 3 tit-STK TE^MT 1 . 0 SUCCESS MANUAL H I G H V I S I B I L I T Y t A L T I T U D E 
riuSTK T L P M T l . n SUCCESS MAM' 'AL L O W V I S I B I L I T Y 
FATK tli-STK F A I L l . n K A I L TRACK C O M P A R I S O N 
F S V S T c l M T F A I L l . n K A I L T R A C K / F I R F C Y C L E GT 2 K 
I o nc TuRMT GEDOC l . n 6EGTN D O C T R I N E T E S T 
LO p C F i L T l 1 2 . 0 5 0 . 0 
L O p C K . J E R C 1 1SPTEPMT K - 1 . 0 k i . n 
L O T DLOST 1 4 . 0 1 0 . 5 2 5 . P 1 8 . 5 4 . 0 
° T ° 0 3 O 0 C TOGDO 1 . 0 K A D A R T O G E T c R D O C T R I N E 
P T p O J I T MR 1 2 . o . 8 3 . 0 
RT^O KcOST 1 I b T R T n o K 1 0 . 0 K 1 . 0 
P T n 0 U e E R F 1 2 . 0 1 . 5 3 5 . 0 
R ^ O Bi-DOC SE^DO l . n RADAR SEPARATE P O C T R l N E 
RS^O D l I M F 1 2 . 0 . 8 3 . 0 
RG^O RLOST 1 I S T R S n o K i O . O K i . n 
RS^O Q p r R p 1 2 . 0 5 . 0 3 q . 0 
RM^O s^ooc MODDO l . n NiODERATF D O C T R I N E 
RM^O D.l I M F 1 2 . 0 . 8 3 . 0 
RM^O R l O S T 1 1 S T R " D 0 K i O . O v i . o 
R " 1 n 0 D P E R C 1 2 . 0 2 . 5 3 7 . 0 
F A T 0 T u G D O F A I L l . n F A I L T O G E T H E R D O C T R I N E GT 5 K 
W T n T TwODO MXROT l . n W E A P O N S T I G H T T O G E T H E R D O C T R I N E 
W T ^ T F i L T l 1 5 . 0 5 U . 0 
WT^T LVERF 1 2 . 0 - b . 5 - 3 . 5 
W F n T ToGDO M X P D T l . n W E A P O N S F R E r T O G E T H E R D O C T R I N E 
W F n T F i L T l 1 5 . 0 5 0 . 0 
W F n T OKERF 1 2 . 0 - i . O 2 . 2 






W F n S 
WFns 
F A f ' 0 
WT^M 
WT n M 
WT n M 
WF n M 
WF n M 






F A " T 
F V T D 
FVTC 
f v t o 
F A M S 
f v ^ d 
F V r f 
F A " r 
f v t ; 
FV»'D 
FV" I } 
F A n O 
I . T ^ l 
L T n 1 
\.lrs2" 
L T n ? 
L T n 3 
L T n 3 
F A n R 
R F C 1 
R F C 1 
n r c ? 
n r ^ 2 
B F C 2 
° F r 3 
b f r 3 
BF r - 3 
FA T L T H N 
R L r K 
R L r K 
FA«P 
ST^P 
S T ^ p 
F D r c 




F i L T I 
OHFRF 
St-PDO 




F i L T I 
OPFRF 
MwDDO 






M a P D T 
MaRDT 
F i L T I 1 
R r T R F 1 
MaRDS 
MaPDS 
F . L T 1 1 
Rt-'ERF 1 
MaPDO 
M a " DO 
F i L T I 1 
R p F P F 1 
T_.STD 
Tt-STD 




O k F R F 1 
CuMPD 
Co'^PD 
O I T M E 1 
R_OST 1 






F M T L 
F/ \TL 
F i L T " * 1 
AuFOD 
AuFOD 
F i L T I 1 
F m I L 
F i L T 3 1 
F A I L 
MXRDS 
2 . 0 
MXRDS 
2 . 0 
F A I L 
VRCOG 
2 . 0 
MXRDO 
2 . 0 




2 . 0 
F A I L 
TESTD 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
. 9 5 
I S P M X o o T K 
F A I L 1 . 0 
TESTD . 9 0 
1SPMXPDS K 
F A I L 1 . 0 
TESTD . 9 5 
lSPMXOfjO K 
F A I L 1 . 0 
CO"PD 
2 . o 
CO^Pn 
2 . o 
CO^PD 
2 . 0 
F A I L 
ADEOD 
2 . 0 
1 S T R F S 1 
ADEQD 
2 . 0 
1STBFS2 
ADEOD 
2 . o 
1 5 T R F S 3 
ROOTHT i_L 1 . 0 
B O O T H I L L I . O 
- S T O P 
F A I L 1 . 0 
SUCCFSS 1 . 0 
. 9 5 
. 9 0 
. 9 5 
1 . 0 
1 . 0 
y 
l . o 
v 
1.0 
F A I L S F P A R A T E D^CGRINE GT 5 K 
WEAPONS T I G H T SEPARATE DOCTRINE 
5 . 0 
- b . 5 - 5 . 0 
WEAPONS FREE S E n A R A T E DOCTRINE 
5 . 0 
0 . 0 3 . 5 
F A I L MODERATE DOCTRINE 
V I S U A L R E C O G N I T I O N REQUIRED 
5 . 0 
- 7 . 5 - 4 . 0 
WEAPONS FREE m q h e r a T f DOCTRINE 
5 . 0 
- . 5 3 . 0 
F A I L V I S U A L R E C n G 
V I S U A L R E C O G N I T I O N SUCCESSFUL 
- 7 . 5 - 4 . 0 
F A I L DOCTRINE T n G T GT 2 K 
EVALUATE DOCTRINE TOGETHER 
2 . 0 
- 1 . 0 K l . n 1SPMXRDT K . 5 
F A I L DOCTRINE TOGETHER GT 2 K 
LVALUATE D O T R I k j F SEPARATE 
2 . 0 
- 1 . 0 K 1 . 0 lS^MXROS K . 5 
F A I L M O n E R A T E DOCTRTNF GT 2 K 
EVALUATF MODERATE DOCTRINE 
2 . 0 
- 1 . 0 K l . n lS^MXROO K . 5 
F A I L DOCTRINE COMPARISON SMALL TEST 
LARGE TF«_,T T O G F T H E R DOCTRINE 
- 2 . 0 - . 5 
LARGE TFST S E P a " T E DOCTRINE 
- _ . 0 0 . 0 
LARGE TFST M 0 D F ° A T E DOCTRINE 
- 1 . 0 - . 2 5 
F A I L LAPbE TEST DOCTRTNE COMPARISON 
SUCCESS TOGFTHF" DO T R I N E 
2 . 0 5 . 0 
i O . O K i . n 
SUCCESS S E P A R A T C DOCTRINE 
2 . 0 5 . n 
1 0 . n k i . n 
SUCCESS M O D r R A T r DOCTPINE 
2 . 0 5 . 0 
i O . O K 1 . 0 
i i l l R P I E S UNWANTpn FLOWS 
uLOCKS T W I T T A T t o n OF R O O T H I L L 
F A I L D O C T R I M E G T 2 K 
SUCCESS D O C T R I N ^ 
5 0 . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
K 1 . 0 
5 U . 0 
K 1 . 0 
hO .O 
K 1 . 0 
F A I L P 
- S T O P 
1 . 0 F A I L R AND I DECT OTST 
2 . 0 5 0 . 0 
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START 1 2 START P O I N T 
B E ^ I D 2 2 D IRECTORATE ORGANIZED • B E G I N DETECT PHASE 
i m p s o 2 4 TEST I N I T I A T E D IMPROVED RADAR 
R A P S C 2 4 TEST I N I T I A T E D PEGULAR RADAR 
MI T D T 5 - 1 - 1 . 0 SELECT M I N I M U M D I S T A N C E IMPROVED ECM 
MITDT L i N K l E C O BDOI I E C F P D F I F A I I 
M I T p P 5 - 1 - 1 . 0 SELECT M I N I M U M OISTANCE REGULAR RADAR , ECM 
MI T f J P L i N K P E C O r d o r RECF PDFR F A I R 
RE^TT 5 - 1 1 . 0 SELECT THE REST SYSTEM. WORST C O N D I T I O N S D E C T I O N 
R F C T T L i M K R O O I EMDI B D F I ENDD p D O R ENDR BDFR E N 0 8 
RF^TT L I N K F A I S 
R E r T * 3 2 d E G I N TRACKING AND F I R I N G PHASE OF TEST 
l a s y s 2 4 LASER TEST T N I T T A T E D 
M T C Y5 2 4 MANUAL/RaDA p T e ^ T I N I T I A T E D 
M I T K I . 5 - 1 - 1 . 0 SELECT m i n O ISTANCE LASER A L T I T U D E TEST 
V I T K L LxMKLTHA T^PL LTMA t s m l F A L I 
M T T K ^ 5 - 1 - 1 . 0 SELECT m i n O ISTANCE MANUAL A L T I T U D E 
^T T K** LiMKMTI IA TSPM MTMA TSMM F A M I 
LA'- 'T" 3 2 b E G l N WFATH r R T r S T LASER 
MA'-'TP 3 2 L E G I N WFATH C R T r S T MANUAL 
v j i TV 5 - 1 - 1 . 0 SELECT W I N '-'THR D I S T LASER 
W f l J\f L i N K H V L A L VLA PTLR FAVL 
w i »»T w 5 - 1 - 1 . n SELECT M i N V'THR D I S T MANUAL 
v i " T V H ' l K H V M A RTMA LVMA RTMR FAVM 
5 - 1 1 . 0 SELECT M I N C O N D I T I O N S PFST SYSTEM T R K / F I R PHASE 
R r r- T K L i N K R TLA M D E 1 RTLB M P E 2 n T M A MPE3 BTMB MPE4 
RE^T*" L a N K c ATK 
t f ° M T 4 4 LND t r a c k / f t r e p h a s e o f t e s t 
4 2 uEGTU D O C T R T N r t E s t 
T O r D n 2 4 RADAR TOGETHER p O C T P i N E I N I T I A T E D 
sr_ n Do 2 4 RADAR SFPARATE p O C T P T M E I N I T I A T E D ST 
MOT)*"* 2 4 RADAR M O j e p a T F T E s T I N I T I A T E D ST 
2 3 V I S U A L PLCO^NTTTON REOUTREO 
2 4 ^VALUATP" RD° TOGETHER DOCTRINE 
M y rc[)C 2 4 LVALUATF R r ° S F P A R A T E DOCTRINE 
*.'Y"[jfl 4 4 LVALUATF RD" M 0 n E R A T r DOCTRINE 
T f r T p 5 - 2 1 . . n SELECT REST TWO DOCTRINFS SMALL SCALE TEST 
Tr rT^ L i M K F V T u L T Q l EVSD LTD? r V M D L T D 3 FAUO 
r o " p n 5 - 1 1 , 0 SELECT PEST DQc TRTNF LARTE SCALE TEST 
ro ' - 'pn i _ x K I K L T D l RFS1 L 1 D 2 n E S 2 I TD3 BES3 FA l )B 
A D r ~O n 3 4 ADEQUATE D E r E N S r AND P R O T E C T I O N CHECK 
FA TL 3 6 S I N K FOP F A T L U R r FLOWS 
S l j ^ C r b S 3 1 SUCCESS 
C.'» T L P 3 1 K A I L PROJECT 
R O^TiULI .2 1 UNWANTED FLOWS 
FM^f;nQE 
t A 4 5 f ) 1 4 2 3 3 7 snn l . n i . o 
F V C^l'i - rtUM ,J0 ? - i ^ l FORM DATA 
FN^APC 
R F « T f 3 2 1 
T E ° M T 4 4 Z 
EN^N^DE 
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1 M 9 6 5 P 1 10 1 . " 1 . 0 
FALCON - K L J N K40 3 - GAMMA• EXPONENTIAL* TDIANGULAR AND NORMAL DATA 
ORRT START BEGID 1 . 0 OGANIZE TEST DIRECTORATE 
OR^T D T I MP" 1 2 . 0 . 5 1 . 5 
OR^T DLOST 1 3 . 0 1 0 . 0 l ^ . O 1 5 . 0 
I MnR dLGID IMPSC 1 . 0 IMPROVED RADAR DETECTION 
I M p R 0) IMF 1 4 . 0 . 5 1 . 5 1 . 0 • 2 5 
I M ° R RCOST 1 1STIMPR K * 0 . 0 K 1 . 0 
IMPR LVERF 1 6 . 0 . 5 3 5 . 0 2 0 . 0 8 . 0 
RA°R 3 c G l D RADSC 1 . 0 BASIC RADAR DETECTION 
R A n R D I IMF 1 4 . 0 . 5 1 . 5 1 . 0 . 2 5 
P A n R R^OST 1 15TRADR K * 0 . 0 K 1 . 0 
RA^R Dr-ERF 1 6 . D . 3 3 0 . 0 l f l .O 8 . 0 
F A n T I j-IPSC FAIL 1 . 0 FAIL TO DETFCT ^E 5 K IMPROVE 
TF("0 Ii-.PSC MIIDI . 9 0 ECM ON IMPROVED RADAR 
I F r O F i L T I 1 5 . 0 
I E r O RCOST 1 l S C l ^ P R K . 5 K 1 . 0 
IFTO OHERF 1 4 . n - 1 0 . 0 - . 1 - 5 . 0 1 . 0 
IFrF IwPSC M I I D I , 9 5 LCM OFF IMPROVpn RADAR 
T F T F i L T I 1 5 . 0 
F A n R R/vDSC F a i l l . n HAIL TO DETECT OE 5 K REGULAR 
PF^O RADSC mi TD P . 9 0 ECM ON REGULAR 
P r - o F I L T I 1 5 . 0 
p r r o RLOST 1 1SCRAHR K . 5 K 1 . 0 
P F r O D k f r f 1 4 . 0 - 1 2 . 5 - 1 . 0 - 5 . 0 2 . 5 
P F T RADSC Ml TDP . 9 5 LCM OFF REG"LAR 
R F r F F i L T I 1 5 . 0 
FAT I Ml I D I f a i l 1 . 0 FAIL COMPARTSOM RELIABILITY IMPROVED 
p n ^ j Mi IDT REST 1 1 . 0 SUCCESS ECM ON TMPROVED 
B D r I M..IDT BESTI 1 . 0 SUCCESS ECM O^f IMPROVED 
F A T R MiIDR FAIL 1 . 0 FAIL COMPARISON RELIABILITY REGULAR 
RD^R M A I D P BEST T l . n SUCCESS ECM ON °EG»JLAR 
R.D rR MiIDR BLSTI l . o SUCCESS ECM OFF REGULAR 
F A T S duSTl F A I L 1 . 0 FAIL COMPARISON DFCTlON 
E T I duSTI &EGTK 1 . 0 bEST VALUE IMPROVED SYSTEM 
F r r n dt-STI BEGTK l . o BEST VALJE IMPROVED ECM OFF 
3(_STI g l g t k 1 . 0 bEST VALUE pEGljl.AR 
FMnR .JcSTT BEGTK l . n oEST VALUE REGULAR ="CM OFF 
LA^T SuGTK LASYS i . n LASFR TPACK F l p r SYSTEM 
L A r T DI TMF 1 4 . 0 . 5 3 . 0 1 . 2 1 . 8 
LAST RuOST 1 1STLAST K 2 0 . 0 K 1 . 0 
LA*"T DPFRF 1 4 . 0 - 2 . 2 - . 1 - 1 . 0 . 4 
MA"T 3LGTK MT SYS i . n NiANUAL. TRACK F I » E SYSTEM 
0 1 IMF 1 4 . o . 5 3 . 0 1 . 2 1 . 8 
VA K 'T Rv.OST 1 1STMA>«T K 2 0 . 0 k i . n 
V A M J Dr JFRF 1 4 . 0 - 4 . 2 - . 3 - 1 . 1 . 9 
F M T LMSYS FAIL 1 . 0 FAIL LASER T R.AC"/FIRE GT 3 K 
L T M A L A S Y S MITKL . . 95 HIGH ALTITL'OE FPFECT LASER 
L T " A F i L T I 1 3 . 0 
LTMA DHFPF 1 4 . 0 - . 9 - . 5 - . 7 5 . 1 
LT»'A LmSYS MITKL . 9 0 MEDIUM ALTITUDE EFFECT LASER 
L T " A F i L T I 1 3 . 0 
LT^A D»JFRF 1 4 . 0 - . 9 . 5 0 . 0 . 2 5 
I .T M A RcOST 1 1SCLAST K . 2 K 1 . 0 
F A M R Ml SYS FAIL 1 . 0 FAIL MANUAL T R a C K / F T R F GT 3 K 
MT^A Ml SYS MITKM . c ' 5 NIGH ALTITUDE F^FECT MANUAL 
5 0 . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
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MT"A F i L T l 1 3 . 0 5 0 
MTMA UHERF 1 <+.n - 1 . 5 - 1 . 0 . 2 5 
MTM A Ml SYS MITKM . 9 0 MEDIUM ALTITUDE EFFECT MANUAL 
MT̂ 'A F i L T l 1 3 . 0 5 0 . 
MTMA DPERF 1 4 . n - 1 . 2 . 8 0 . 0 . 2 5 
MTMA RcOST 1 1SCMAMT K . 2 K 1 . 0 
FAL I MiTKL FAIL i . n f a i l l a s e r c o m p a r i s o n a l t i t u d e 
TS n L MiTKL LAWTR l . n SUCCESS LAS r R HTGH ALTITUDE 
TS"L MiTKL LAWTR l . n SUCCESS LASER MEDIUM ALTITUDE 
FA"I MiTKM FAIL l . n F-AIL MANUAL COMPARISON ALTITUDE 
TS nM MiTKM MAWTR l . n SUCCESS MANUAL h i g h ALTITUDE 
TSf'M MiTKM MAWTR 1 . 0 SUCCESS MANUAL m E D ALTITUDE 
HV A LAWTR MILTV ,R5 HIGH V I S I B I L I T Y LASER ECM OFF 
HVL A OPERF 1 4 . o - b . O - 1 . 0 - 3 . 0 1 . 0 
LVI A LmWTR MILTV , 9 n LOW VISIBILITY LASER ECM ON 
LV A DHERF 1 4 . 0 - 9 . 0 - 2 . 0 - 4 . 0 2 . 0 
LVI A RCOST 1 1SCLAST K . 1 K 1 . 0 
HVMA M«W.TR MIMTV . 9 5 HIGH V I S I B I L I T Y MANUAL TRACK 
HVV*A DHERf 1 4 . 0 - 1 . 0 1 . 0 0 . 0 . 2 5 
L V M A MAWTR MIMTV . 9 0 LOW VISIBILITY »'ANUAL 
LVMA OPERF 1 4.0 - b . O - 2 . 0 - 3 . 0 1 . 0 
LV"A KcOST 1 1SCM.ANT K .1 k i . n 
F a w L Mx LTV FAIL i . n FAIL LASER V I S I B I L I T Y COMPARISON 
RTI A MiLTV BESTK . 9 5 SUCCESS HIGH VISIBILITY LASER 
PT' B Mi LTV BESTK . 9 0 SUCCESS LOW VISIBILITY LASER 
F A V M Ma MTV FAIL 1 . 0 FAIL MANUAL VTSTBTLTTY COMPARISON 
RT M A Mi MTV BESTK . 0 5 SUCCESS HIGH V I R I L I T Y MANUAL 
!>TMR Ma'-'TV BESTK . 9 n SUCCESS LOW VISIBILITY MANUAL 
M p r j dcSTK TERMT i . n SUCCESS LAS r R HTGH VISIBILITY ECM ON 
V P r 2 iiuSTK TERMT l » n SUCCESS LAS r R | .» ECM OFF 
v p r j Ul-STk- TERMT l . n SUCCESS-MANUAL HIGH V l S I d l L l T Y » ALTITUDE 
v p r q iJi_STK TERMT 1 . 0 SUCCESS MAN"AL LOW VISIBILITY 
F <\TK duSTK FAIL l . n FAIL TRACK COMPARISON 
FS^S T lRMT FAIL 1 . 0 KAIL TRACK/ r IRF CYCLE GT 2 K 
l o t c TuRMT PLDOC l . n uEGIN DOCTRTNF TEST 
LO"C FaLTI 1 2 . 0 SU. 
l..OnC RHERF \ 1SPTFPMT K - 1 . 0 K 1 . 0 
LO^C DcOST 1 4 . 0 i n . 5 2 ^ . 8 1 * . 5 4 . 0 
PT n O t3t-OOC TOGDO l . n k aDAR t o g e t f r o o c t r t n e 
PT^O OlIME 1 . 8 3 . 0 1 . 5 . 1 
PT^O RcOST 1 ISTRTno K 2 0 . n K 1 . 0 
PT r O DHERF 1 8 . 0 1 . 5 3 ^ . 0 1 9 . 0 1 . 0 
PS^O 3t_noc SLPDO i „ n KADAR SFPARATE HOCTRIME 
P S r O • J IME 1 4 . 0 . 8 3 . 0 1 . 5 . 1 
P S r O RcOST 1 1STRS00 K 2 0 . 0 K i . n 
P S n O DKERF 1 8 . 0 b.O 3 ° . 0 2 0 . 0 1 . 0 
•3..H0C MODDO 1 . 0 MODERATE DOCTRTME 
R M r O JJ IMF 1 4 . 0/ . 8 3 . 0 1 . 5 . 1 
P V n O RcOST 1 1STRMD0 K to .o K i . n 
R M r 0 JKERF 1 2 . 5 3 7 . 0 1 9 . 5 1 . 0 
F « t 0 TuGDO FAIL i . n FAIL TOGETHER DOCTRTNF GT 5 K 
WTnT ToGDO MXRDT l . n WEAPONS TIGHT TOGETHER DOCTRINE 
WT^T FaLTI 1 5 . 0 5 0 . 
WTnT D^ERF 1 4.0 - 6 . 5 - 3 . 5 - 5 . 0 1 . 0 
WFnT TwGDO MXRDT i . n w e a p o n s f r e f t o g e t h e r d o c t r i n e 
WFnT F i L T l 1 5 . 0 5U.I 
WFnT DPERF 1 4 . 0 - 1 . 0 2.2 0 . 0 1 . 0 
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F A ^ O S c P D O F A I L 1 . 0 F A I L S E P A R A T E D O C G R T N E G T 5 K 
W T n S S l P D O M X R D S 1 . 0 W E A P O N S T I G H T S E P A R A T E D O C T R I N E 
W T n S F i L T I 1 5 . 0 
W T n 5 • H E R F 1 4 . 0 - b . 5 - 5 . 0 - 6 . 0 1 . 0 
W F ^ S S i - P D O M X R D S 1 . 0 W E A P O N S F R E E S E P A R A T E D O C T R I N E 
W F n S F i L T I 1 5 . 0 
W F ^ S D P E R F 1 4.0 0 . 0 3 . 5 1 . 0 1 . 0 
F A M 0 M u D D O F A I L 1 . 0 F A I L M O D E R A T E D O C T R I N E 
W T n M M o D D O V K C O G 1 . 0 V I S U A L R E C O G N 7 T T O N R E Q U I R E D 
W T n M F i L T I 1 5 . 0 
W T n M D H F R F 1 4 . 0 - 7 . 5 - 4 . 0 - 5 . 5 1 . 0 
W F ^ M M U D D O M X R D O 1 . 0 W E A P O N S F R E E M o h e R A T f D O C T R I N E 
W F n M F i L T I 1 5 . 0 
W F n M D ^ E R F 1 4 . n - . 5 3 . 0 . 5 1 . 0 
F R r o V r ^ C O G F A I L 1 . 0 F A I L V I S U A L R E C O G 
F R < " 0 M 1 . 1 
V R < ~ 0 V K C O G M X R D O 1 . 0 V I S U A L R E C O G N I T I O N S U C C E S S F U L 
V R r O M 1 . 9 
V R * " 0 O H F R F 1 « + . n - 7 . 5 - M . 0 - 5 . 5 1 . 0 
F A " T M a R D T F A I L l . n F A I L D O C T R I N E T O G T G T 2 K 
F V T D M a P D T T E S T D . 9 5 E V A L U A T E D O C T R I N E T O G E T H E R 
F V T D F i L T I 1 2 . 0 
F V T D R r F R c 1 1 S P M X P D T K - 1 . 0 K 1 . 0 1 S P M X R D T K . 5 
F A » ' S M a R D S F A I L l . n F A T L D O C T R I N E T O G E T H E R G T 2 K 
F V F D M a R D S T E S T D . 9 0 L V A L U A T F D O T R T N r S E P A R A T E 
F V ^ D F i L T I 1 2 . 0 
F V C - D R c F R F 1 l S P M X P Q S K - l . n K 1 . 0 1 S P M X R D S K . 5 
F A " M M a R D O F A T L l . n F A I L M O P E R A T E D O C T R I N E G T 2 K 
F V M D M a P D O T E S T D . 0 5 E V A L U A T E M O ^ R a ^ E D O C T R I N E 
F V " D F i L T I 1 2 . 0 
F V " D R f F R F 1 l b P M X P f j O K - 1 . 0 K l . n 1 S P M X R D O K . 5 
F A n O T , _ S T n F A I L l . n F A I L D O C T R I N E C O M P A R I S O N S M A L L T E S T 
L T r l T c S T D C O M P D . 9 5 L A R G E T F S T T 0 G F T H E R D O C T R I N E 
L T n l O r ' ^ R F 1 4 . o - * . n - . 5 - i . o .4 
L T r 2 T ^ S T P C O M P O . 9 0 L A R G E T F S T S E P a ^ T E D O C T R I N E 
L . T n 2 U . ' ^ R F 1 4 . n - 3 . 0 0 . 0 - 1 . 0 .4 
L T ^ 3 T ( _ S T P C O M P Q . 9 5 i _ A R G E T F S T M O D F D A T E D O C T R I N E 
1 T n 3 D i ' F R F 1 u . n - 1 . 0 - . ^ 5 - . 5 . 4 
F A ^ t C o M p n F A I L l . n i - A T L L A R G E T E S T D O C T R T N F C O M P A R I S O N 
R F C 1 C o ^ p r , A U F O D 1 . 0 S U C C E S S T O G r T H F ° D O T P I N E 
R F r 1 O i I M F 1 4 . 0 2 . 0 5 . 0 3 . 0 . 5 
P f - I c l r i ^ O S T 1 1 S T R F S l K « : 0 . n K 1 . 0 
M F r 2 C o M P D A Q F C v p 1 . 0 S U C C E S S S E P ^ R A T r D O C T R I N E 
P E r 2 J 1 T M F 1 4 . 0 2 . 0 5 . n 3 . 0 . 5 
R F C 2 , ' ^ O S T 1 1 S T B F S 2 K ^ 0 . 0 K 1 . 0 
P E C 3 C u M P D A D F O D l . n S U C C E S S M O D r R 4 T F D O C T R I N E 
R E c - 3 • I T M F 1 4 . 0 « i . O 5 . 0 3 . 0 . 5 
P F r 3 R ^ O S T 1 1 S T R F S 3 K 2 n . n k l . n 
F A T L T K N F « T L R O O T M t l L 1 . 0 L U R R I E S U N W A N T F n F L O W S 
R L r K F « I L B 0 O T H T L L 1 . 0 b L O C K S I N I T I A T I O N O F F O O T H I L L 
R L r K F i L T 3 1 - S T O P 
F A « P A ~ F G O F A I L 1 . 0 F A I L D O C T R I M E G T 2 K 
S T ^ p A u F G O S U C C E S S l . n S U C C E S S O O C T R I M F 
S T O P F i L T I 1 2 . 0 
F O < ~ C F M L F A I L P l . n F A I L P / H J D T D F C T D T S T 
F D r C F i L T 3 1 - S T O P 
F N n A D C 
5 0 . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
K 1 . 0 
5 0 . 0 
K 1 . 0 
5 0 . 0 
K 1 . 0 
5 0 . 0 
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START 1 2 START P O I N T 
R F ^ l D 2 2 D IRECTORATE ORGANIZED , B E G I N DETECT PHASE 
IM°SC 2 4 TEST I N T T I A T E O IMPROVED RADAR 
RA°SC 2 4 TEST I N I T I A T E D P E G U L A R RADAR 
MI TDT 5 - 1 -1 . 0 SELECT M I N I M U M p I S T a N C E IMPROVED ECM 
MI T DI L i N K l E C O BOOI I L C F B D F I F A I I 
M I T D 0 5 - 1 -1 . 0 SELECT M I N I M U M n i S T A N C E REGULAR RADAR* ECM 
mi T n p L lNKRECO B p O R RLCF ROFR F A I R 
R E C T T 5 - 1 1 . 0 SELECT THE REST SYSTEM, WORST C O N D I T I O N S D E C T I O N 
P E r T T L a N K B D O I END I BbFI ENDD "DOR ENDR BDFR EnuB 
P E r T T L i N K f a is B E r T K 3 2 b E G I N TRACKING AND T I R I N G PHASE OF TEST 
LASY^ 2 4 LASER TFST T N I T T A T E D 
MTSYS 2 4 I.ANUAL/PADAP T f S T I N I T I A T E D 
M I T K L 5 - 1 •1 . 0 SELECT m i n D I S T A N C E LASER A L T I T U D E TEST 
N'T TKI L i N K L T H A TSPL LTMA TSML F A L I 
M T T K M 5 - 1 •1 . n SELECT m i n O I S T A N C E MANUAL A L T I T U D E 
M I T K ' 1 LiNKMTHA TSPM MTMA TSMM F A M I 
LA'-TR 3 2 b E G I N WFATHFR T r S T LASER 
f . «V 'T p 3 2 b E G I N WFATH C R T^ST MANUAL 
MT • TV 5 - 1 1 . 0 SELECT M I N WTHR D I S T LASER 
M i l J\l L i N K H V L A RTLA LVLA PTLB FAVL 
M T M T " 5 - 1 1 . 0 SELFCT " I N WTMf? D I S T MANUAL 
M I " T V LiMKMVMA 3TMA LVMA RTMR FAVM 
5 - 1 1 . 0 SELECT M i n COMn T TIONS BEST SYSTEM T R K / F I R PHASE 
L i N K R T L A m p e i PTLB mpe2 RTMA MPE3 B TMB MPE4 
RF C T" LiNK FATK 
T F n M T 4 4 END TRACK/F T RF P H A S F OF TEST 
4 2 bEGIN DOCTRINE T E S T 
TO^no 2 4 KADAR TOGETHER p O C T R T N E I N I T I A T E D 
S F r P n 2 4 RADAR SEPARATE n o c T p l N E I N I T I A T E D ST 
2 4 KADAR wOQERATF t e s t I N I T I A T E D ST 
v w o ^ 2 3 wISUAL P E C O ^ N I T T O N PEOUIRED 
M X n H T 2 4 LVALUATF R D D TOGETHER DOCTRINE 
m x p d s 2 4 LVALUATF R D P S F 0 A R A T E DOCTRINE 
4 4 LVALUATF RPR MODERATE DOCTRINE 
T F r T n > 5 - 2 1 .0 SELECT P E S T TWO DOCTRINES SMALL SCALE TFST 
T r r T ^ u N K E V T L i L T D I EvSD I-TD2 r V M D L T D 3 FAUO 
r r y - p n b - 1 1 .0 SELECT p E S T D O f T R T N r LARTE SCALE TEST 
CO"P^ LxMKLTDl R^Sl L1D2 RES2 L T D 3 BES3 FAUB 
A n r o n 3 4 ADEOUATF DEF£NS r AND PROTECTION CHECK 
F A T L 3 6 jTNK FOP F A I L U R E FLOWS 
S t r e s s 3 1 SUCCESS 
FA T L n 3 1 F A I L PROJECT 
P 0 ° T M I L I 2 1 UNWANTED FLOWS 
F T N O u E 
1 1 ? ! . . 8 4 5 0 1 4 2 3 3 7 1 . 0 1 . 0 
c-A' CYJ ~ nUN NO 3 - GAM'\A E X P O N E N T I A L , T R I A m g u L A R AND NORMAL DATA 
p r ^ A p C 
R E r T " 3 2 1 
T f M T 4 4 2 
EN n NODE 
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1 M 9 b 5 8 1 10 l . n i . o 
FA! CO.J - r\UN •JO 4 - gamma» e x p o n e n t i a l » n o r m a l a n d t r i a n g u l a r d a t a n e w 
OR^T Si ART B E G I D 1 . 0 OGANIZE TEST D IRECTORATE 
OR^T D I I ME 1 2 . 0 . 5 1 . 5 
O P T DCOST 1 8 . 0 1 0 . 0 1 ° . 0 1 4 , 5 1*0 
IM^R B l G I D IMPSC 1 . 0 IMPROVED RADAR nETECTION 
IMPR OI I M F 1 4 .0 . 5 1 . 5 1 . 0 . 2 5 
T MPR RcOST 1 1STIMPR K * 0 . 0 K 1 . 0 
IM^R OHERF 1 6 . 0 . 5 3 5 . 0 1 0 . 0 8 . 0 
R A nR Bi -GID RADSC 1 . 0 bASIC RADAR DETECTION 
P A n R D I IMF 1 4 .0 . 5 1 . 5 1 . 0 . 2 5 
R A nR RcOST 1 1STRADR K 2 0 . 0 K 1 . 0 
P.A^R DHERF 1 6 . 0 . 3 3 0 . 0 9 . 0 8 . 0 
FA^T IhPSC F A I L 1 . 0 F A I L TO DETECT GE 5 K IMPROVE 
TF<~0 I.^IPSC MIIDI . 9 0 LCM ON IMPROVED RADAR 
T F r O F l L T l 1 5 . 0 
TE^O RuOST 1 1SCIMPR K . 5 K 1 . 0 
T F r O DHERF 1 M . 0 - i O . O - . 1 - 5 . 0 1 . 0 
T F r F Ii-,PSC MI TD I . 9 5 LCM OFF IMPPOVFO RADAR 
T F r F F i L T I 1 5 . 0 
F A n R RADSC FAIL 1 . 0 FAIL TO DETFCT GE 5 K REGULAR 
"Fro RMPSC MIIDP . ° 0 ECM ON REGULAR 
FxLTl 1 5 . 0 
p r r o RwOST 1 1SCRAPR K . 5 K 1 . 0 
D H E R c 1 4.0 - i 2 . 5 - 1 . 0 - 5 . 0 2 . 5 
P E r F RADSC MIIDP . 9 5 LCM OFF REGULAR 
P E r F FiLTI 1 5 . 0 
FAT I M* IDT FATL 1 . 0 FATL COMPARISON R E L I A B I L I T Y IMPROVED 
Mi IDT BESTT 1 . 0 SUCCESS ECM ON TMPROVFD 
n n r I Mi TD I BESTI 1 . 0 SUCCESS ECM OFF IMPROVED 
F f. t R MilDP FAIL 1 . 0 I-AIL COMPARISON R E L I A B I L I T Y REGULAR 
PR^R Mi I D D PEST I 1 . 0 SUCCESS E C M ON REGULAR 
P R r R Mi I D p BESTT 1 . 0 SUCCESS ECM OFF REGULAR 
F A T S 3c_STT FATL 1 . 0 FAIL COMPARISON DFCTlON 
Ji_STT PEGTK 1 . 0 bEST VALUE IMPROVED SYSTEM 
Ftro BtSTT RLGTK l.o c E S T VALUE IMPROVED ECM OFF 
LJuSTT PEGTK 1 . 0 c E S T VAl UE REGULAR 
F I - " P dL .STI BEGTK 1 . 0 BEST VALUE REGULAR ECM OFF 
l.Ar T CJL_GTK LASYS 1 . 0 LASFR TRACK F T P r SYSTEM 
1 A r T D i'IMF 1 4 .o . 5 3 . 0 1 . 2 1 . 8 
L A c T k„OST 1 1STLAFT K 2 0 . 0 K i . n 
L. A r T Dr'FRF 1 4.0 - 2 . 2 - . 1 - 1 . 0 . 4 
MAMT b^GTK MTSYS l . o MANUAL TRACK FTR£ SYSTEM 
M AMT D IT MP" 1 4 .0 . 5 3 . 0 1 . 2 1 . 8 
»-'AMT KcOST 1 1STMA»'T K «^0.0 k i . n 
va mT D H F R C 1 4 .0 -4 .2 - 1 . 1 . 9 
F A1 T. U M S Y S FATL l . n FAIL LASER T R A C " / F I P P GT 3 K 
LT'JA LMSYS MITKL . 9 5 H I G H A L T I T U D E F P F E C T LASER 
LT>'A FxLTl 1 3 . 0 
LT^'A D r E R F 1 4.0 - . 9 - . 5 - . 7 5 . 1 
LT'A L A S Y S M I T K L . 9 0 hEDIUM A L T I T U D E EFFECT LASER 
l.P'A F I L T I 1 3 . 0 
L T M A DHERF 1 4 .P - . 9 . 5 o .O . 2 5 
LT*'A RcOST 1 1SCLAST K . 2 K i . n 
FA"R Ml SYS FAIL l . n FAIL MANUAL T R a ^ K / F T R E GT 3 K 
MT"A Ml SYS MITKM . 9 5 hIGH A L T I T U D E F C FECT MANUAL 
5 0 . 0 
5 0 . 0 
5 U . 0 
5 0 . 0 
5 0 . 0 
5 0 . 0 
1 5 1 
I 
F A ^ O S t P D O F A I L 1 . 0 F A I L S E P A R A T E D O C G R T N E G T 5 K 
WTHS S t P D O MXRDS 1 . 0 WEAPONS T I G H T S r P A R A T E D O C T R I N E 
W T n S F i L T l 1 5 . 0 5 0 . 0 
W T n S Q P E R F 1 4 . 0 - 8 . 5 - 5 . 0 - 6 . 0 1 . 0 
W F n S SuPDO MXRDS 1 . 0 w e a p o n s F R E F S E P A R A T E D O C T R I N E 
W F n 5 F i L T l 1 5 . 0 5 0 . 0 
W F n S Dr'ERF 1 4 . n 0 . 0 3 . 5 1 . 0 1 . 0 
F A M 0 MuDDO F A I L 1 . 0 F A I L MODERATE DOCTRINE 
W T n M MuDDO VKCOG 1 . 0 V I S U A L R E C O G N I T I O N REQUIRED 
W T n M F i L T l 1 5 . 0 5 0 . 0 
W T n M O^FRF 1 4 , 0 - 7 . 5 - 4 . 0 - 5 . 5 1 . 0 
WF n M MuDDO MXRDO 1 . 0 WEAPONS FREE M O O E R A T F DOCTRINE 
W F P M F i L T l 1 5 . 0 5 0 . 0 
WF n M • P E R F 1 4 . 0 - . 5 3 . 0 , 5 1 . 0 
F R r O V k C O G F A I L 1 . 0 F A I L V I S U A L R E C O G 
F R * ~ 0 M 1 . 1 
V P r O VrtCOG MXRDO 1 . 0 V I S U A L R E C O G N I T I O N SUCCESSFUL 
V R r O M 1 . 9 
V R ^ O Jr 'ERF 1 4 . 0 - 7 , 5 - 4 . 0 - 5 . 5 1 . 0 
F A * ' T M a P O T F A I L 1 . 0 K A I L DOCTRINE TOGT GT 2 K 
F V T D T E S T D . 9 5 LVALUATF D O C T R T M E T O G E T H E R 
E V T D F i L T l 1 2 . 0 5 0 . 0 
F V T D Rr'ERF 1 1SPMXRDT K - 1 . 0 K 1 . 0 1SPMXRDT K . 5 K 1 . 0 
F A ' » S M/xRDS F A I L 1 . 0 F A I L DOCTRINE TOGETHER G T 2 K 
F V ^ O M a R D S TESTD . 9 0 LVALUATF DOTRTMr SEPARATE 
E V r D F i L T l 1 2 . 0 5 0 . 0 
F V r > 0 R k E R F 1 l S P M Y ^ D S K - 1 . 0 K 1 . 0 1SPMXRDS K . 5 K 1 . 0 
F A " M M a P D O F A I L 1 . 0 F A I L MODERATE D^CTPTNE G T 2 K 
F V " D M a P D O T E S T O . O S EVALUATE MOOERA T E DOCTRINE 
E V * ' D F i L T l 1 2 . 0 5 0 . 0 
F V " D R r -ERF t lSPMXnrjO k - 1 . 0 Y l . n 1SRMXRDO K . 5 K 1 . 0 
F A n O F w S T O F A I L l . n F A I L DOCTRINE cOMPAPISON SMALL T E S T 
L T P 1 T t _ S T D COMPP . 9 5 L A R G E TFST TOGrTHER DOCTRINE 
L T r M J r E P F 1 4 . 0 - 2 . 0 - . 5 - 1 . 0 . 4 
L T ^ ? T c S T n CO^PD . 9 0 L A R G E TEST S E P A D T E o o C T R I N E 
L T ^ ? DPERF 1 4 . 0 - 3 . 0 0 . 0 - 1 . 0 . 4 
L T ^ 3 TuSTn COMPH . 9 5 LARGE TEST MODE°ATF DOCTRINE 
D r ' E R F 1 4 . 0 - 1 . 0 - . ? 5 - . 5 . 4 
F / \ n P Cu"PD F A I L l . n l-ATL LARGE T E S T DOCTRINE COMPARISON 
D F r - 1 C u ^ P O AJEOD l . n SUCCESS T O C c T H F P D O T R I N E 
v.Frr 0 i IMF 1 4 . " 2 . 0 5 . 0 3 . 0 . 5 
^ F ^ l R c ^ S T 1 1 S T B F S 1 k 2 0 . n Y 1 . 0 
P F r 2 Cw-<pn ADEOO l . n S U C C E S S SEP^RATF DOCTPINE 
R E ^ 2 rj» t m e 1 4 . o 2 . 0 5 . 0 3 . 0 . 5 
R F r 2. 1 l S T 3 E r 2 K i l O . O K 1 . 0 
CwMPn ADEOn l . n S U C C E S S M O D r R A T c DOCTRINE 
P F r 3 0 1 IME 1 4 . n Z.O 5 . 0 3 . 0 . 5 
u F r 3 RcOST I 1STBES3 K 2 0 . 0 k i . n 
F / \ T L T i < M F m T L B O O T H T L L l . O H U R R I E S UNWANTpo FLOWS 
r a L r K F h I L B O O T M T l I . l . n C L O C K S I N I T I A T I O N O F P O O T H I L L 
n L r K F . L T 7 1 - S T O P 
F A ' P AuEOD F A I L l . n K A I L DOCTRINE G T 2 K 
S T ^ P AuEOD SUCCESS l . n S U C C E S S O O C T R l N r 
S T ^ P F i L T l 1 2 . 0 5 0 . 0 
F D r C F m I L F A I L P l . n F A I L R AND T DFCT D I S T 
F D C C F i L T 3 1 - S T O P 
FNHAPC 
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M T U A F i L T I 1 3 . 0 5 0 . 0 
MT^M DPFRF 1 4 . n - 1 . 5 - . P - 1 . 0 . 2 5 
MT M A Ml SYS MITKM . 9 0 MEDIUM A L T I T U D E E F F E C T MANUAL 
MT M A F i L T I 1 3 . 0 5 0 . 0 
MT*'A d h f r f 1 4 . 0 - 1 . 2 . 8 0 . 0 . 2 5 
M T M A KcOST 1 1SCMAMT K . 2 K , 1 . 0 
FA' I MxTKL F A I L 1 . 0 f a i l l a s e r c o m p a r i s o n a l t i t u d e 
T S P L M i T K L LAWTR 1 . 0 SUCCESS L A S F R HTGH A L T I T U D E 
T S " L M i T K L LAWTR 1 . 0 SUCCESS LAS^R MEDIUM A L T I T U D E 
F A*"I M iTKM F A I L l . n F A I L MANUAL COMPARISON A L T I T U D E 
T S P M MiTKM MAWTR l . n SUCCESS MAN"AL H I G H A L T I T U D E 
T S M M MiTKM MAWTR l . n SUCCESS MANUAL M E P A L T I T U D E 
HVl A LmWTR M I L T V . 9 5 H I G H V I S I B I L I T Y LASER ECM OFF 
HV! A Dr-ERF 1 4 . 0 - S . 0 - 1 . 0 - 3 . 0 1 . 0 
LV> A LAWTR M I L T V , 9 n LOW V I S I B I L I T Y LASEP ECM ON 
L V A DHERF 1 4 . H - 9 . 0 - 2 . 0 - 4 . 0 2 . 0 
LV 1 A RcOST 1 1SCLAST K . 1 K i . n 
HV"A Mm WTR MIMTV . 9 5 N I G H V I S I B I L I T Y MANUAL TRACK 
MV k 'A D r F R F 1 4 . n - 1 . 0 1 . 0 0 . 0 . 2 5 
LV"A MmWTP MIMTV . 9 0 LOW V I S I B I L I T Y M A N U A L 
LV"A OHFRP I 4 . 0 - 5 . 0 - 2 . 0 - 3 . 0 1 . 0 
I . V ' A R l O S T 1 15CMAMT K . 1 K 1 . 0 
F A " L Mi LTV F A I L l . o F A I L LASER V I S I B I L I T Y COMPARISON 
RT< A M i L T V BESTK . ° 5 SUCCESS H I G H V I F I R I L I T Y LASER 
nj) p M i L T V BESTK . 9 n SUCCESS LOW V I S T B T L I T Y LASER 
FA*' '•' M i MTV F A I L l . o F A I L MANUAL V T s 7 B T L T T Y COMPARISON 
R T " A Mi. MTV BESTK . Q 5 SUCCESS H I G H V i c I P I L l T Y MANUAL 
RT»'R Ma " T V BESTK , 9 n SUCCESS LOW V I S T B T L T T Y MANUAL 
M p r j riuSTK t e r m t l . n SUCCESS LASFR H T G H V I S I B I L I T Y ECM ON 
Bt-STK TERMT l . n SUCCESS LAS^R L " ECM OFF 
M p r j 3i_STK TEPMT l . o SUCCESS MAN"Al. m i g H V I S I B I L I T Y . A L T I T U D E 
Mpr* i4 J l S T K TEPMT l . n SUCCESS MANUAL LOW V I S I B I L I T Y 
f a t k b t S T K F A I L 1 . 0 F A I L TRACK COMPARISON 
F S V S Ti_PMT F A I L 1 . 0 F A I L T P A C K / F I P F CYCLE GT 2 K 
!..0"C TcRMT PEDOC 1 . 0 d E G I N DDCTRTNF t E s t 
LO°C F i L T I 1 2 . 0 5 0 . 0 
L O T K r - F P F 1 1SPTFPMT K - l . o k i . n 
L O T DcOST 1 B . n . 1 0 . 5 2 ^ . 8 I P . 5 1 . 0 
P T ~ 0 3t.nOC TO^DO 1 . o isADAR T O G E T r R O^CTRTNF 
RT^O D i I M r 1 4 . 0 . 8 3 . 0 1 . 5 . 1 
P T ~ 0 K^OST 1 l S T R T ^ O K ^ n . o K 1 . 0 
R T T 3 i J F R r 1 P . o 1 . 5 3 5 . 0 1 0 . 0 1 . 0 
P S n C lit-HOC SLPDO l . n KADAR S F P A P A T E n O C T R l N E 
R S " 0 u l IMF 1 4 . 0 . 8 3 . 0 1 . 5 . 1 
P S n O rt^OST 1 I S T R S n o K < :0 .n K 1 . 0 
R S p O L)HERF 1 O . o 5 . 0 3 Q . 0 1 1 . 0 1 . 0 
R V " 0 BcOOC MOPDO 1 . 0 MODERATE DOCTRINE 
R M T D i IMF 1 4 . 0 . 8 3 . 0 1 . 5 . 1 
« T O I ^ O S T 1 I S T R V n o K 2 o . o v l . o 
R V n O JHERF 1 8 . o 2 . 5 3 7 . n 1 2 . 5 1 . 0 
F A T 0 ToGDO F A I L l . n F A I L TOGETHFR DOCTRINE GT 5 K 
WT^T ToGDO MaPDT l . n WEAPONS T I G H T T E E T H E " DOCTRINE 
WT^T F x L T l 1 5 . 0 5 0 . 0 
W T r T • H F R F 1 4 . 0 - o . 5 - 3 . 5 - 5 . n 1 . 0 
W F n T ToGDO MXRDT l . n WEAPONS FREF TOGETHER DOCTRINE 
W F n T F i L T I 1 5 . 0 5 0 . 0 
W F n T D r F R F 1 4 . 0 - 1 . 0 2 . 2 0 . 0 1 . 0 
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START 
R E S i n 
I M ° S r 
R A n s r 
MITQT 
MITDT 
M I T f j D 
MITQP 
RE^TT 
R E r T T 
PF^TT 
REOTK 
L A C Y S 
M T C YS 
MI T K L 
M I T K ! _ 
M I T K " 
M T T K M 
L A w T n 
MA W TP 
Mil TV 
M i l TV' 
M I " T V 
M I W T V 
» E r T " 
P P ^ T " 
R E C T K 
T F D M T 
RF^OF 
T O r . n A 
S F n r j P 
MO^D" 
V P r oc 
M X r a D T 
M X ° ( ) C 
M x n n r i 
T F r T " 
TF r T n 
A D r Q P 
F A T L 
s u ^ c ^ s s 
FA T L ° 
R O A T » J . t L l 
F M n r ^ J E 
1 I ' M 
FA' .C^N -
F N n A ° C 
R E ^ T " 
T F ° M T 





5 - 1 
L i N K l E C O 
5 - 1 
L iNKRECO 
5 - 1 
L i N K R D O I 




b - 1 
L iMKLTHA 
b - 1 
L . J . N K M T H A 
3 2 
3 2 
5 - 1 
L iMKHVLA 
5 - 1 
L-LNKHVMA 
5 - 1 
LiN'KRTLA 








5 - 2 
L i N K F v T D 
b - 1 









F A I S 
TSPL 
T S P M 
START P O I N T 
b IRECTORATE ORGANIZED » B E G I N DETECT PHASE 
TEST I N I T I A T E D TMPROVED RADAR 
TEST I N I T I A T E D PEGULAR RADAR 
• l . n SELECT M I N I M U M D I S T A N C E IMPROVED ECM 
I E C F B D F I F A I I 
• 1 . 0 SELECT m i n i m u m n I S T A N C E REGULAR RADAR* ECM 
RLCF PDFR F A I R 
1 . 0 SELECT THE REST SYSTEM* WORST C O N D I T I O N S D E C T I O N 
B u F l ENDD "DOR ENDR BDFR ENUB 
B E G I N TRACKING AND F I R I N G PHASE OF TEST 
LASER TEST T N I T T A T E D 
N.ANUAL/RADAR T F ^ T I N I T I A T E D 
- 1 . 0 SELECT M I N D I S T A N C E LASER A L T I T U D E TEST 
L I M A TSML F A L I 
1 . 0 SELECT M I N O ISTANCE MANUAL A L T I T U D E 
MTMA TSMM F A M I 
B E G I N WEATHER T^ST LASER 
b E G I N WFATHFR T r S T MANUAL 
FAVL - 1 . 0 SELECT M I N RTLA LVLA BTLP 
- 1 . 0 SELECT M I N B T M A LVMA BTMB 
1 . 0 SELECT M I N 




MPE3 BTMB MPfc4 
L T D 1 
R F S 1 
l N D T R A C k / F T R E PHASE OF TEST 
L . E G I N DOCTRTNE TEST 
KADAR TOGETHER POCTRlNE I N I T I A T E D 
KADAR SEPARATE p o c T p i N E I N I T I A T E D ST 
RADAR MODERATE T E S T I N I T I A T E D ST 
V I S U A L PcCOONTT T ON PEOUIRED 
LVALUATF ROR To^ETHFR DOCTRINE 
LVALUATF RPP SFPARATF DOCTRINE 
ILVALUATF RDP MoPERATr DOCTRINE 
n SELECT PEST TWO DOCTRINES SMALL SCALE TEST 
FVSD LTD?. rVMD L T D 3 F a J O 
n SELECT P £ S T D O c T R I N F LAPTE SCALE TEST 
L T D 2 BES2 I TD3 BES3 F m u B 
ADEQUATE D E r E N S r AND PROTECTION CHECK 
S I N K FOR FATLURF FLOWS 
SUCCESS 
( - A I L PROJECT 
UNWANTED FLOWS 
. 8 4 5 0 1 4 2 3 3 7 R00 1 . ° 1 . 0 
IUN NO 4 - OAMMArEXPONENTIAL,NORMAL AND TRIANGULAR DATA* NEW MEAN 
1 5 4 
B I B L I O G R A P H Y 
1 . A L M C , A C o u r s e o f I n s t r u c t i o n i n R i s k A n a l y s i s , A L M -
3 3 1 5 - H , U n i t e d S t a t e s A r m y L o g i s t i c s M a n a g e m e n t C e n t e r , 
F o r t L e e , V i r g i n i a . 
2 . A t z i n g e r , E r w i n N . a n d B r o o k s , W i l b e r t J . , C o m p e n d i u m 
o n R i s k A n a l y s i s T e c h n i q u e s , U . S . A r m y M a t e r i e l S y s t e m s 
A n a l y s i s A g e n c y , A b e r d e e n P r o v i n g G r o u n d , M a r y l a n d , 
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